METHOD OF FABRICATING SEMICONDUCTOR DEVICE 



BACKGROUND OF THE INVENTION 
1. Field of the Invention: 

The present invention relates to a method of fabricating 
a semiconductor device having a circuit constituted by a thin 
film transistor (hereinafter, referred to as TFT) . For example 
the invention relates to an electro-optic apparatus represented 
by a liquid crystal display apparatus and a constitution of 
an electric apparatus mounted with an electro-optic apparatus 
as a part thereof. Further, in the specification, a 
semiconductor device generally indicates an apparatus capable 
of functioning by utilizing semiconductor properties and an 
electro-optic apparatus and an electric apparatus, mentioned 
above, pertain to the category. 
2. Description of the Related Art: 

- In recent years, there have been widely carried out 
researches on a technology in which an amorphous semiconductor 
film formed above an insulating substrate of glass or the like 
is subjected to laser annealing to thereby crystallize the 
amorphous semiconductor and promoting crystalline performance 
thereof. Silicon is frequently used for the amorphous 
semiconductor film . 

In comparison with a quartz substrate which has frequently 
be used conventionally, a glass substrate is provided with 



advantages that the glass substrate is inexpensive and rich 
in workability and the glass substrate having a large area can 
easily be fabricated. This is the reason that the 
above-described researches are carried out. Further, laser 
is preferably used in crystallizing the amorphous semiconductor 
since the melting point of the glass substrate is low. Laser 
can provide high energy only to an amorphous semiconductor film 
without considerably rising temperature of a substrate. 

Since a crystalline semi con<inr!to-r is non5=: t i tn t Rd bv a 
number of crystal grains, a film thereof is referred also as 
a polycrystal semiconductor film. A crystalline semiconductor 
film formed by being subjected to laser annealing is provided 
with high mobility and therefore, a thin film transistor (TFT) 
is formed by using the crytsLalllne semiconductor film and the 
crystalline semiconductor film is intensively utilized in, for 
example, a liquid crystal electro-optic apparatus of a 
monolithic type in which TFTs for driving a pixel and for a 
drive circuit are fabricated above one sheet of a glass 
substrate . 

Further, there is preferably used a method of carrying 
out laser annealing by shaping pulse laser beam such as excimer 
laser to constitute a square spot of several centimeters square 
or a linear shape having a length equal to or larger than 10 
cm at an irradiated face or a vicinity thereof and scanning 
the laser beam (or moving an irradiated position of laser beam 



relatively to an irradiated face) since the method is provided 
with high productivity and is excellent industrially. 

Particularly, when linear beam is used, the productivity 
is high since different from a case of using laser beam in a 
shape of a spot where scanning in front and rear direction and 
left and right direction is needed, laser can be irradiated 
to a total of an irradiated face by scanning the linear beam 
only in a direction orthogonal to a longitudinal direction 
thereof . Laser is scanned in the direction orthogonal to the 
longitudinal direction since the direction is the most efficient 
scanning direction . Owing to the high productivity , currently , 
the main stream is being established by using linear beam 
produced by shaping pulse oscillated excimer laser beam by a 
pfcsrtinent optical system. 

Fig. 1 shows an example of a constitution of an optical 
system for shaping the shape of laser beam in a linear shape 
at an irradiated face or in the vicinity thereof. The 
constitution is extremely general and the constitution of Fig. 
1 is applied to all of the optical systems. The constitution 
not only converts the shape of laser beam into a linear shape 
but, simultaneously, homogenizes energy of the laser beam at 
an irradiated face. Generally, an optical system for 
homogenizing energy of beam is referred to as a beam homogenizer , 
When excimer laser as an ultraviolet ray is used for a 
light source, all of the mother material of the optical system 



is preferably constituted by quartz. This is because high 
transmittance is achieved. Further, there is preferably used 
a coating having 99 % or more of transmittance with respect 
to a wavelength of excimer laser used. 

First, an explanation will be given of a side view of 
Fig. 1. Laser beam emitted from a laser oscillator 61 is split 
in a direction orthogonal to a direction of progress of the 
laser beam by cylindrical array lenses 62a and 62b. In the 
specification, the aDove-described direction is referred to 
as vertical direction. When a mirror is put to a middle of 
an optical system, the vertical direction is bent in a direction 
of light bent by the mirror. According to the constitution, 
four splits are constituted. The splits of the laser beam are 
temporarily sioirunarlzed Into a sjnglR piecie of laser beam bv 
a cylindrical array lens 64. The laser beam is reflected by 
a mirror 67 and thereafter focused again into a single piece 
of laser beam at an irradiated face 69 by a doublet cylindrical 
lens 68. A doublet cylindrical lens designates a lens 
constituted by two sheets of cylindrical lenses. Thereby, 
there are determined homogenizing of energy of linear beam in 
the width direction and a length thereof in the width direction . 

Next, an explanation will be given of a top view of Fig. 
1. Laser beam emitted from the laser oscillator 61 is split 
in a direction orthogonal to the direction of progress of the 
laser beam and a direction orthogonal to the vertical direction 



by a cylindrical array lens 63. In the specification, the 
direction is referred to as horizontal direction . When a mirror 
is put to a middle of an optical system, the horizontal direction 
is bent in a direction of light bent by the mirror. According 
5 to the constitution , seven splits are constituted . Thereafter, 
the laser beam is synthesized into a single piece thereof by 
the cylindrical lens 64. Thereby, there are determined 
homogenizing of energy in the longitudinal direction of the 
linear beam and a length thereof 

10 The above-described lenses are made of synthesized quartz 

to correspond to excimer laser. Further, surfaces thereof are 
provided with coatings to transmit excimer laser excellently. 
Thereby, transmittance of excimer laser per lens becomes equal 
to or larger than 9 9 

15 By irradiating the linear beam shaped by the 

above-described constitution in an overlapping manner while 
gradually shifting the laser beam in the width direction, an 
amorphous semiconductor can be crystallized or crystalline 
performance thereof can be promoted by subjecting an entire 

20 face of the amorphous semiconductor to laser annealing. 

Next, a description will be given of a typical method 
of fabricating a semiconductor film constituting an object of 
irradiation . First , as a substrate , there is prepared a Corning 
1737 substrate of 5-inch square having a thickness of 0 . 7 mm. 

25 An Si02 film (silicon oxide film) having a thickness of 200 
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nm is formed above the substrate by using a plasma CVD apparatus 
and an amorphous silicon film (hereafter, expressed as a-Si 
film) having a thickness of 50 nm on the surface of the Si02 
film. The substrate is exposed to an atmosphere of nitrogen 
5 gas at temperature of 500 degree for 1 hour to thereby reduce 
a hydrogen concentration in the film. Thereby, laser 
resistance of the film is remarkably promoted. 

As a laser apparatus, there is used XeCl excimer laser 
(wavelength 308 nm, pulse width 30 ns ) L3303 made by Lcimaa Co. 

10 Ltd . The laser apparatus is provided with a function of emitting 
pulse-oscillated laser and outputting energy of 500 mJ/pulse. 
The size of the laser beam is 10mm x 30mm (both are half value 
widths at a beam profile) at an outlet of the laser beam. In 
the speni f ication , the outlet of laser beam is a plane orthogonal 

15 to the direction of progress of the laser beam immediately after 
emitting the laser beam from a laser irradiating apparatus, 
, A shape of laser beam emitted by excimer laser is generally 
rectangular and falls in a range of about 3 through 5 when 
expressed by an aspect ratio . The intensity of laser beam shows 

20 a Gaussian distribution such that the more proximate to the 
center of the laser beam, the stronger the distribution. The 
size of the laser becim is converted into linear beam of 125mm 
X 0 . 4mm having a uniform energy distribution by an optical system 
having the constitution shown by Fig. 1. 

25 Figs. 2A, 2B, 2C and 2D show a behavior of a state of 
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irradiating linear beam by 2 pulses viewed from an upper face 
thereof and according to Figs. 2A through 2D, a pitch of 
overlapping the beam width (half value width in beam profile) 
of the linear beam is changed. When laser is irradiated to 
the above-described semiconductor film, it is found that the 
pitch of overlapping the beam width is most pertinent to be 
around 1/10 of the beam width of the linear beam as shown by 
Fig. 2A. Thereby, the uniformity of crystal quality in the 
film of the semiconductor film is promoted. According to the 
above-described example, the half value width is 0.4 mm and 
accordingly, laser beam is irradiated by setting a pulse 
frequency of excimer laser to 30 Hz and scanning speed to 1.0 
mm/s. At this occasion, an energy density at the irradiated 
face of lai^er beam is set to 420 mj/cm^. The above-described 
method is an extremely general method used for crystallizing 
a semiconductor film by using linear beam. 

- In carrying out laser annealing, laser beam is shaped 
into a linear beam having a linear shape at an irradiated face 
or in the vicinity thereof by using an optical system as shown 
by Fig. 1. As shown by Fig, 2A, the pitch of overlapping of 
the linear beam in the beam width is set to around 1/10 of the 
beam width. 

Further, as shown by Fig. 3, the wavelength of excimer 
laser is 308 nm and accordingly, the absorption coefficient 
at the wavelength is 1.38 x 10^ cm'^ for an amorphous silicon 



film and 1.56 x 10^ cm*^ for a polycrystal silicon film and 
accordingly, the absorption coefficients of the amorphous 
silicon film and the polycrystal silicon film are substantially 
the same, 

5 From the above-described, when laser annealing is carried 

out by excimer laser, recrystallization is carried out by a 
number of times with respect to a region which has been 
crystallized once. Therefore, a dispersion in a grain size 
is caused . 

10 Further, in the current state, the longitudinal length 

of the linear beam is about 100 mm. Even when the longitudinal 
length of the linear beam is expanded by using a beam expander, 
a limit of the length is about 150 mm in consideration of 
unlfuj-mity and energy density of the linear beam. 

15 Meanwhile, large area formation of a substrate used has 

been progressed and as a large area substrate, there has been 
used-, for example, a substrate of 600 mm x 720 mm, a substrate 
of 320 mm x 400 mm or a substrate of 8 inches (dicimeter: about 
200 mm) in a circular shape. Fig. 4 shows an example of a method 

20 of irradiating the linear beam to such a large area substrate. 

Figs. 4A, 4B and 4C and Figs. 27A, 27B and 27C show an 
example of irradiating the linear beam having the longitudinal 
length of 150 mm to a substrate of 320 mm x 400 mm formed with 
an amorphous semiconductor film by scanning the linear beam 

25 (or moving a position of irradiating the linear beam relative 
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to an irradiated face) . According to a method of irradiating 
the linear beam as shown by Figs. 4A, 4B and 4C and Figs. 27A, 
27B and 27C, regions of scanning the linear beam overlap at 
a central portion of the substrate (Fig. 4A, Fig. 27A) or the 
5 central portion of the substrate is not irradiated (Fig. 4B, 
Fig. 27B). Further, there is pointed out amethod of irradiating 
the linear beam such that ends of irradiation by the linear 
beam are brought into contact with each other at the central 
portion of the substrate as shown by Fig, 4C and Fig. 27C. 

10 VThen the linear beam is irradiated as shown by Fig. 4A 

and Fig. 27A, as has already been described, the absorption 
coefficients of excimer laser with regard to an amorphous silicon 
film and a polycrystal silicon film are almost the same and 
accordingly, at the central portion of the substrate which is 

15 an overlapped portion of the regions of scanning the linear 
beam, recrys tallization is carried out by a number of times 
and a-dispersion in grain size is caused. Therefore, even when 
TFT is fabricated by using the central portion of the substrate 
and electric properties thereof are measured, excellent 

20 properties are not achieved. 

When the linear beam is irradiated as shown by Fig. 4B 
and Fig, 27B, laser annealing is not carried out at the central 
portion of the substrate and accordingly, the amorphous silicon 
film is not crystallized and crystalline performance of the 

2o amorphous silicon film differs from that of the crystalline 
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silicon film provided by being subjected to laser annealing. 
Even when TFT is fabricated by using such a silicon film and 
electric properties are measured, the properties at the central 
portion of the substrate are significantly deteriorated . 
5 When the linear beam is irradiated as shown by Fig, 4C 

and Fig- 21C, the energy density at both ends of the linear 
beam in the longitudinal direction is considerably lower than 
that at a vicinity of the center of the linear beam and therefore , 
the crystalline performance is deteriorated at the central 

10 portion of the substrate where ends of irradiation of the linear 
beam are present. Even when TFT is fabricated by using such 
a silicon film and electric properties are measured, a dispersion 
in the electric properties is caused in the substrate. 

That is, as 5:;hown by Fiqs. 4A through 4C and Figs. 27A 

15 through 21C, when laser annealing is carried out by scanning 
the linear beam to a large area substrate, in any of the cases, 
there is produced a region having poor crystalline performance 
and even when TFT is fabricated with the region as an activation 
layer , excellent properties cannot be achieved in electric 

20 properties of the TFT. 

SUMMARY OF THE INVENTION 
It is an object of the invention to provide a crystalline 
semiconductor film having excellent crystalline performance 
25 by forming a first crystalline region provided by being subjected 
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to laser annealing by using laser beam having a wavelength in 
a range of 370 nm through 650 nm and irradiating the laser beam 
to an amorphous semiconductor film while moving the laser beam, 
and a region provided by being subjected to laser annealing 
5 by irradiating the laser beam to a region including a portion 
of the first crystalline region while moving the laser beam. 
Further, in the specification, a crystalline region indicates 
a region crystallized by irradiating the linear beam while moving 
the linear beam . However , the shape of laser beam at an 

10 irradiated face or in the vicinity thereof is net limited to 
linear but may be rectangular. As has already been described, 
when the linear beam is used, the productivity is high and 
accordingly, the linear beam is particularly preferable. 
Further, according to the invention, in carrying out laser 

15 annealing for a large area substrate, it is not necessary to 
expand the length of the laser beam in the longitudinal direction 
in compliance with the size of the large area substrate and 
therefore, the laser annealing is particularly effective, 
further, it is not necessary to newly prepare an optical system 

20 to comply with the size of the large area substrate, which is 
economical . 

Fig. 3 shows absorption coefficients of an amorphous 
silicon film and a polycrystal silicon film with respect to 
wavelength. The wavelength of excimer laser is 308 nm and 
25 accordingly, in view of Fig. 3, the absorption coefficient of 
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the amorphous silicon film is 1.38 x 10^ cm'^ and the absorption 
coefficient of the polycrystal silicon film is 1.56 x lo^ cm"^. 
Meanwhile, a wavelength of the second harmonic of YAG laser 
is 532 nm and accordingly, the absorption coefficient of the 
5 amorphous silicon film is 9.31 x 10^ cm*^ and the absorption 
coefficient of the polycrystal silicon film is 2.74 x 10^ cm'^. 

It is known from the above-described that although degrees 
of absorption of the excimer laser with respect to the aimorphous 
silicon film and the polycrystal silicon film are the same, 

10 however, the second harmonic of the YAG laser is more liable 
to be absorbed by the amorphous silicon film than the polycrystal 
silicon film.. That is, when laser annealing is carried out 
for the amorphous silicon film by using the second harmonic 
of the YAG laser, a crystalline silicon film crystallized by 

15 laser annealing remains almost unchanged even when rne 
crystalline silicon film is subjected again to laser annealing 
by the second harmonic of the YAG laser. 

Excimer laser is provided with a large output and can 
oscillate highly repeated pulses of about 300 Hz in the current 

20 state and accordingly, the excimer laser is frequently used 
in crystallizing a semiconductor film. In recent years, in 
fabricating a liquid crystal display of a low- temperature 
polysilicon TFT in which the reduction to product has been 
progressed, excimer laser is used in a step of crystallizing 

25 a semiconductor film . Further, not only excimer laser but al so 
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Ar laser, YAG laser, YVO4 laser or YLF laser can be used. 

Here , an explanation will be given of a method of subjecting 
an amorphous silicon film to laser annealing by using second 
harmonic of YAG laser. Similar to the conventional technology, 
5 by using the optical system as shown by Fig. 1, laser beam of 
second harmonic YAG laser is shaped into linear beam having 
a linear shape at an irradiated face. A crystalline silicon 
film is provided by irradiating the linear beam to the amorphous 
silicon film while moving a stage in a direction orthogonal 

10 to the longitudinal direction of the linear beam. 

As has already been described , the absorption coefficient 
of the second harmonic of YAG laser with respect to the amorphous 
silicon film is 9.31 x 10^ cm*^ and the absorption coefficient 
of the polycrystal silicon film is 2.74 x lo"* cm " . Therefore, 

15 the second harmonic of YAG laser is absorbed by the aiuorphous 
silicon film more than the polycrystal silicon film. That is, 
whenJ.aser annealing is carried out by using the second harmonic 
of YAG laser, an amorphous region can be crystallized without 
effecting adverse influence on a region which has already been 

20 crystallized and a crystalline semiconductor film having 
excellent uniformity can be provided. 

Here, a description will be given of a case in which an 
amorphous silicon film formed above a large area substrate as 
shown by Fig. 4A and Fig. 27A is subjected to laser annealing. 

25 As has already been described, the second harmonic of YAG laser 
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is absorbed by the amorphous silicon film more than a polycrystal 
silicon film. Therefore, although the central portion of the 
substrate of Fig. 4A and Fig. 27A, is twice subjected to laser 
annealing by scanning the linear beam (or moving a position 
5 of irradiating the linear beam relative to an irradiated face) , 
even when second irradiation is carried out, crystalline 
performance constituted by first irradiation remains almost 
unchanged. Therefore, even at a region in which laser beam 
is irradiated over a plurality of times as in the ceatxal portion 

10 of the substrate of Fig. 4A and Fig. 21 A, or a region in which 
laser beam is irradiated only once, a crystalline silicon film 
having excellent crystalline performance can be provided . When 
TFT is fabricated by using the crystalline silicon film and 
electric properties are measured, excellent characteristics 

15 are provided even at the central portion of the substrate. 

Next , anexplanationwillbegivenof apitchof overlapping 
in the beam width of the linear beam. Second harmonic of YAG 
laser is shaped into laser beam having a linear shape at an 
irradiated face or in the vicinity thereof by using the optical 

20 system as shown by Fig. 1 and the laser is irradiated to the 
amorphous silicon film. At this occasion, an optimum value 
of the pitch of overlapping in the beam width of the linear 
beam differs by a film thickness of the amorphous silicon film. 
For example , there is a method in which the pitch of overlapping 

25 in the beam width of the linear beam is set to about 1/3 of 
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the beam width of the linear beam as shown by Fig. 2B or a method 
in which the pitch is set to about 1/2 of the beam width as 
shown by Fig. 2C . 

Meanwhile, YAG laser is provided with strong coherence, 
5 it is difficult to shape beam thereof and it is difficult to 
shape YAG laser into linear beam. However, as has already been 
described, since the second harmonic of YAG laser is more liable 
to be absorbed by the amorphous silicon film than a polycrystal 
silicon film, even when a region which has been crystallized 

10 once into a polycrystal silicon film, is subjected again to 
laser annealing by the second harmonic of YAG laser, the region 
remains almost unchanged. From the above-described, a shape 
of laser beam at an irradiated face or in the vicinity thereof 
not necessarily needs to be linear. However, energy of laser 

15 beam at the irradiated face is preferably uniform. 

Further, laser used in the invention is not limited to 
the second harmonic of YAG laser. Wavelength of irradiated 
laser beam may fall in a range of 370 nm through 650 nm in which 
the laser beam is more likely to be absorbed by an amorphous 

20 silicon film than a polycrystal silicon film in view of Fig. 
3. 

Further, as an amorphous semiconductor film, there is 
an amorphous semiconductor film or a microcrystalline 
semiconductor film and other than the amorphous silicon film, 
25 there is applicable a compound semiconductor film having an 
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amorphous structure such as an amorphous silicon germanium film . 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a view showing a conventional optical system 
5 for forming linear beam; 

Figs. 2A, 2B, 2C and 2D are views showing an example of 
a pitch of overlapping linear beam when the linear beam is 
irradiated by two pulses; 

Fig. 3 is a diagram showing absorption coefficients of 
10 an amorphous silicon film and a polycrystal silicon film with 
respect to wavelength; 

Figs. 4A, 4B and 4C are views showing an example of a 
method of irradiating linear beam to a large area substrate; 

Fig. 5 is a view showing an example of introducing a beam 
15 expander to a constitution of Fig. 1; 

Fig. 6 is a view showing an optical system for forming 
linear beam ; 

Figs. 7A, 7B, 7C and 7D are sectional views showing steps 
of fabricating pixel TFT and TFT of a drive circuit; 
20 Figs. 8A, 8B and 8C are sectional views showing steps 

of fabricating pixel TFT and TFT of a drive circuit; 

Figs. 9A and 9B are sectional views showing steps of 
fabricating pixel TFT and TFT of a drive circuit; 

Figs, lOA and lOB are sectional views showing steps of 
25 fabricating pixel TFT and TFT of a drive circuit; 
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Figs, llA and 1 IB are sectional views showing structures 
of TFT of a drive circuit and pixel TFT; 

Figs. 12A and 12B are sectional views showing a 
constitution of TFT of a drive circuit ; 
5 Figs. 13A and 13B are top views showing structures of 

TFT of a drive circuit and pixel TFT; 

Figs. 14A, 14B, 14C and 14D are sectional views showing 
a constitution of pixel TFT; 

Fig. 15 is a top view showing ei pixel of a pixel portion; 
10 Figs. 16A and 16B are sectional views showing steps of 

fabricating an active matrix type liquid crystal display 
apparatus ; 

Fig . 17 is a top view for explaining an input and an output 
terminal, wirings, circuit arrangement and arrangement of 
15 spcacers and a seal member ot a liquid crystal display apparatus ; 

Fig. 18 is a perspective view showing a structure of a 
liquid crystal display apparatus; 

Fig. 19 is a block diagram for explaining a circuit 
constitution of an active matrix type display apparatus; 
20 Figs. 20A and 20B are a top view and a sectional view 

showing a structure of an EL display apparatus; 

Figs. 21A and 21B are sectional views of a pixel portion 
of an EL display apparatus; 

Figs. 22A and 22B are a top view and a circuit diagram 
25 of a pixel portion of an EL display apparatus; 
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Figs. 23A, 23B and 23C show examples of circuit diagrams 
of a pixel portion of an EL display apparatus; 

Figs. 24A, 24B, 24C, 24D, 24E and 24F are views showing 
examples of semiconductor apparatus ; 

Figs, 25A, 25B, 25C and 25D are views showing examples 
of semiconductor apparatus ; 

Figs. 26A, 26B and 26C are views showing examples of 
semiconductor apparatus ; and 

figs. 27A, 27B and 27C die views showing an example of 
a method of irradiating linear beam to a large area substrate. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
( Embodiment 1 ) 

According to the embodiment, an explanation will be given 
of a case of forming an amorphous silicon film by a sputtering 
apparatus and carrying out laser annealing by using second 
harmonic (wavelength: 532 nm) of YAG laser having a cylindrical 
rod shape . 

As a substrate, there is prepared a Corning 1737 substrate 
of 320 mm x 400 mm having a thickness of 0.7 mm. A silicon 
oxynitride film having a thickness of 200 nm is formed above 
the substrate by using a plasma CVD apparatus and an amorphous 
silicon film having a thickness of 50 nm is formed above a surface 
of the silicon oxynitride film by using a sputtering apparatus . 

Thereafter laser annealing is carried out by using second 
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harmonic of YAG laser to thereby crystallize the amorphous 
semiconductor film. When a rod shape of YAG laser used at this 
occasion is cylindrical, a shape of the beam becomes circular. 
Therefore, when the shape of the beam is formed into an ellipse 
5 by putting a beam expander constituted by two sheets of 
cylindrical lenses 71 and 72 after the laser oscillator of Fig. 
1 as shown by Fig. 5, it is easy to shape linear beam. 

As shown by Fig. 3, according to the second harm.onic 
( wave! pingth : 53 2 nm) of YAG layer, an absorption rate of 

10 amorphous silicon is higher than that of polycrystal silicon. 
Therefore, even at a first region irradiated with the linear 
beam while moving the linear beam and a second region including 
a portion of the first region irradiated with the linear beam 
while moving the linear beam, an amorphous region can be 

15 crystallized without deteriorating a shape of a continuous 
crystalline region provided in the first region and a crystalline 
silicon film having excellent crystalline performance can be 
provided . 

By using the crystalline silicon film fabricated in this 
20 way, TFT is fabricated by, for example, a known method or a 
method shown by later embodiments . Electric properties of the 
TFT are excellent and the TFT having properties with small 
variation is provided. 

25 ( Embodiment 2 ) 
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According to the embodiment , an explanation will be given 
of a case of forming an amorphous silicon film by a sputtering 
apparatus and carrying out laser annealing by using second 
harmonic (wavelength: 532 nm) of YAG laser having a rod shape 
5 in a shape of a slab. 

As a substrate , there is prepared a Corning 1737 substrate 
of 3 20 mm x 400 mm having a thickness of 0 . 7 mm . A silicon 
oxynitride film having a thickness of 200 nm is formed above 
the substrate by using a plasma CVD apparatus and an amorphous 

10 silicon film having a thickness of 50 nm is formed above a surface 
of the silicon oxynitride film by using a sputtering apparatus . 

Thereafter , laser annealing is carried out by using second 
harmonic of YAG laser to thereby crystallize the amorphous 
semiconductor film. When the toc\ shape of YAG laser used at 

15 this occasion, is a shape of a slab, provided beam shape is 
rectangular and therefore, the beam can be shaped into linear 
beam- by using the optical system of Fig. 1 as it is. 

As shown by Fig. 3, according to the second harmonic 
(wavelength: 532 nm) of YAG laser, the absorption rate of 

20 amorphous silicon is higher than that of polycrystal silicon. 
Therefore, even at a first region irradiated with the linear 
beam while moving the linear beam, and a second region including 
a portion of the first region irradiated with the linear beam 
while moving the linear beam, an amorphous region can be 

25 crystallized without deteriorating the shape of a continuous 
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crystalline region provided in the f irst region and a crystalline 
silicon film having excellent crystalline performance can be 
provided . 

By using the crystalline silicon film fabricated in this 
5 way, TFT is fabricated by, for example, a known method or a 
method shown in later embodiments. Electric properties of TFT 
are excellent and the TFT havingproperties with small dispersion 
is provided - 

10 ( Embodiment 3 ) 

According to the embodiment , an explanation will be given 
of a case of forming an cimorphous silicon film by a CVD apparatus , 
carrying out a heating treatment to thereby partially 
crysLallizc the amorphous silicon film and thereafter carrying 

15 out laser annealing by using second harmonic (wavelength: 532 
nm) of YAG laser. 

- As a substrate , there is prepared a Corning 1737 substrate 
of 320 mmx 400 mm having a thickness of 0.7 mm. A silicon 
oxynitride film having a thickness of 200 nm is formed above 

20 the substrate by using a plasma CVD apparatus and successively, 
an amorphous silicon film having a thickness of 50 nm is formed 
above a surface of the silicon oxynitride film by using a plasma 
CVD apparatus. There is coated a solution including an element 
assisting crystallization on the amorphous silicon film. When 

25 as the solution, for example, a solution of nickel acetate is 
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used, the nickel acetate solution (weight equivalent 
concentration: 10 ppm) is coated on an entire face of the film 
by spin coating. 

Next, the substrate is heated at temperature of 500 °C 
5 for 1 hour in a nitrogen atmosphere and is heated at temperature 
of 550 °C for 4 hours in a nitrogen atmosphere. Thereafter, 
laser annealing is carried out by using the second harmonic 
of YAG laser to thereby crystallize the amorphous semiconductor 
film. When a rod shape of YAG laser used at this occasion, 

10 is cylindrical, the shape of the beam becomes circular. 
Therefore, when the shape of the beam is shaped into an ellipse 
by inputting the beam expander constituted by two sheets of 
the cylindrical lenses 71 and 72 after the laser oscillator 
of Fig. 1 as shown by Fin, s, it is easy to shape the beam inro 

15 linear beam. Further, when the rod shape of YAG laser used 
at this occasion, is a shape of a slab, the provided beam shape 
is rectangular and therefore, the beam can be shaped into linear 
beam by using the optical system of Fig . 1 as it is . 

As shown by Fig. 3, according to the second harmonic 

20 (wavelength: 532 nm) of YAG laser, the absorption rate of 
amorphous silicon is higher than that of polycrystal silicon. 
Therefore, even at a first region irradiated with the linear 
beam while moving the linear beam and a second region including 
a portion of the first region irradiated with the linear beam 

-5 while moving the linear beam, the amorphous region can be 
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to the amorphous silicon film and an explanation will firstly 
be given of the example of shaping the laser beam of the second 
harmonic of YVO4 laser into linear beam in reference to Fig. 
6 . 

5 In Fig. 6, firstly, beam is expanded in one direction 

by a beam expander constituted by cylindrical lenses 301 and 
302, successively, the beam is split by a cylindrical array 
1 ens 3 03 and beam having a length of 5 mm is formed at an irradiated 
face by a focusing cylindrical lens 304. A cylindrical lens 

10 305 is arranged orthogonally to the cylindrical lens 304 ana 
a beam width is set to 0 . 1 mm. Incidentally, although a mirror 
306 is arranged immediately after the beam expander, the mirror 
306 is not necessarily needed. 

In this way, the beam is shaped into linear beam havinq 

15 a linear shape at an irradiated face or in the vicinity thereof 
and therefore, the linear beam is scanned on the amorphous 
silicon film to thereby crystallize the amorphous silicon film. 

As shown by Fig. 3, according to the second harmonic 
20 (wavelength: 532 nm) of YVO4 laser, the absorption rate of 
amorphous silicon is sufficiently higher than that of 
polycrystal silicon. Therefore, even at a first region 
irradiated with the linear beam while moving the linear beam 
and a second region including a portion of the first region 
25 irradiated with the linear beam while moving the linear beam. 



an amorphous region can be crystallized without deteriorating 
a shape of a continuous crystalline region provided in the first 
region and a crystalline silicon film having excellent 
crystalline performance can be provided . 
5 By using the crystalline silicon film fabricated in this 

way, TFT is fabricated by, for example, a known method or a 
method shown in later embodiments. Electric properties of the 
TFT are excellent and the TFT having properties with small 
dispersion is provided. 

10 

( Embodiment 5 ) 

According to the embodiment , an explanation will be given 
of an example of a case of carrying out laser annealing by using 
second harmonic (wavelength: 527 nm) of YLF laser. 

15 According to the second harmonic of YLF laser, a size 

of laser beam at an outlet can be made about 5 mm in diameter. 
Therefore, adjustment of a shape or an energy density of laser 
beam, is far easier than that in other laser beam the shape 
of which is nearly equal to a point light source. 

20 As shown in Embodiment 1 , there is prepared a Corning 

1737 substrate of 320 mm x 400 rran having a thickness of 0,7 
mm, a silicon oxynitride film having a thickness of 200 nm is 
formed above the substrate by using a plasma CVD apparatus and 
an amorphous silicon film having a thickness of 50 nm is formed 

25 above a surface of the silicon oxynitride film by using a 
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sputtering apparatus. Thereafter, similar to Embodiment 4, 
by using the optical system shown in Fig. 6, the laser beam 
is shaped into linear beam and the linear beam is irradiated 
to the amorphous silicon film. 
5 As shown by Fig. 3, according to the second harmonic 

(wavelength: 527 nm) of YLF laser, the absorption rate of 
amorphous silicon is higher than that of polycrystal silicon. 
Therefore, even at a first region irradiated with the linear 
beam while moving the linear b^am and a second region including 

10 a portion of the first region irradiated with the linear beam 
while moving the linear beam, an amorphous region can be 
crystallized without deteriorating a shape of a continuous 
crystalline region provided in the first region and a crystalline 
silicon film having excellent crystalline performance can be 

io provided. 

By using the crystalline silicon film fabricated in this 
way, ^ TFT is fabricated by, for example, a known method or a 
method shown in later embodiments. Electric properties of the 
TFT are excellent and the TFT having characteristics with small 
20 variation is provided. 

(Embodiment 6) 

An explanation will be given of an embodiment of the 
invention in reference to Fig. 7A through Fig. 9B. Here, a 
25 detailed explanation will be given of a method of simultaneously 



26 



forming pixel TFT and a storage capacitor of a pixel portion 
and TFT of a drive circuit provided at a periphery of the pixel 
portion step by step. 

In Fig. 7A, as a substrate 101, there is used a glass 
substrate of barium borosilicate glass or aluminoborosilicate 
glass represented by #7059 glass or #1737 glass of Corning 
Corporation or a quartz substrate. When a glass substrate is 
used, the glass substrate may previously be subjected to a heat 
treatment at temperature lower than the glasa strain point by 
about 10 through 20 °C . Further , at a surface of the substrate 
101 for forming TFT, in order to prevent diffusion of impurities 
from, the substrate 101, there is formed a matrix film 102 
comprising an insulating film such as a silicon oxide film, 
a silicon nitride film or a silicon oxynitride f ilm . For example , 
according to a plasma CVD process, a silicon oxynitride film 
102a fabricated from SiH4, NH3, N2O, is formed to laminate by 
10 nra through 200 nm (preferably, 50 nm through 100 nm) and 
similarly, an oxynitrohydrogenated film 102b fabricated from 
SiH4, N2O, is formed to laminate by a thickness of 50 nm through 
200 nm (preferably, 100 nm through 150 nm) . Although in this 
case , there is shown the matrix film 102 in a two-layer structure , 
the matrix film 102 may be formed by laminating a single Layer 
or two layers or more of the insulating film. 

The silicon oxynitride film is formed by using a plasma 
CVD process of a parallel plate type. In forming the silicon 



oxynitride film 102a, there are introduced 10 SCCM of SiH^, 
100 SCCM of NH3 and 20 SCCM of N2O into a reaction chamber, 
substrate temperature is set to 325 ""C , reaction pressure is 
set to 40 Pa, a charge power density is set to 0.41 W/cm^ and 
5 a discharge frequency is set to 60 MHz. On the other hand, 
in forming the silicon oxynitrohydrogenated film 102b, there 
are introduced 5 SCCM of SiH4, 120 SCCM of N2O and 125 SCCM of 
H2 into a reaction chamber and substrate temperature is set 
to 400 "^C, reaction pressure is set to 20 Pa,, a discharge power 

10 density is set to 0.41 W/cm^ and a discharge frequency is set 
to 60 MHz. These films can continuously be formed by changing 
the substrate temperature and switching reaction gases. 

The silicon oxynitride film 102a fabricated in this way 
is a dense and hard film having a total atom number per unit 

15 volume of 9.28 x 10^^ /cm^ and an etching rate at 20 °C of a 
mixed solution (made of Stellachmif er Co . Ltd. , commercial name 
LAL500) including 7.13 % of ammonium hydrogenfluoride (NH4HF2) 
and 15.4 % of ammonium fluoride (NH4F), is as slow as about 
63 nm/min. When such a film is used as the matrix film, the 

20 film is effective in preventing alkaline metal elements from 
the glass substrate from diffusing to a semiconductor layer 
formed thereabove . 

Next, there is formed a semiconductor layer 103a having 
an amorphous structure by a thickness of 2 5 nm through 100 nm 

25 (preferably, 30 nm through 70 nm) by a method such as a plasma 
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CVD method or a sputtering method. As the semiconductor film 
having the amorphous structure, there is an amorphous 
semiconductor layer or a microcrys talline semiconductor layer 
and a compound semiconductor film having an amorphous structure 
5 such as an cimorphous silicon germanium film may be applicable. 
Vfhen the cimorphous silicon film is formed by a plasma CVD process , 
both of the matrix film 102 and the amorphous semiconductor 
layer 103a can continuously be formed. For example, after 
formina the silicon oxynitride film 102a and the silicon 

10 oxynirrohydrogenated film 102b continuously by a plasma CVD 
process, when reaction gases are switched from SiH4, N2O, H2 
to SiHd and H2 or only SiH4 , the matrix film 102 and the amorphous 
semiconductor layer 103a can continuously be formed without 
being exposed to the atmosphere once. As a result, 

lo contamination of a surtace of the oxynitrohydrogenated silicon 
film 102b can be prevented and a dispersion in properties or 
a variation in threshold voltage of fabricated TFT can be 
reduced • 

Further, a crystalline semiconductor layer 103b is 
20 fabricated from the amorphous semiconductor layer 103a by 
carrying out a step of crystallization. As a method therefor, 
a laser annealing process, a thermal annealing process (solid 
phase growing process) or a rapid thermal annealing process 
(RTA process) is applicable. When a glass substrate, as 
25 described above, or a plastic substrate having interior heat 
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a case, a heat treatment for discharging hydrogen is dispensed 
with . 

In crystallization , any of the methods shown in Embodiment 
1 through Embodiment 5 is applicable . In this way , the 
5 crystalline semiconductor layer 103b as shown by Fig, 7B can 
be provided. 

Further, a resist pattern is formed above the crystalline 
semiconductor layer 103b by using a first photomask (PMl) and 
using the technology of photolithography, the crystalline 
10 semiconductor layer is divided into an island- like shape by 
dry etching and as shown by Fig. 7C , there are formed island- like 
semiconductor layers 103 through 108. In dry etching of the 
crystalline semiconductor film, a mixed gas of CF4 and O2 is 
used . 

15 With respect to such an island-like semiconductor layer, 

with an object of controlling threshold voltage (Vth) of TFT, 
an impurity element for providing p type may be added to an 
entire face of the island-like semiconductor layer by a 
concentration of about 1 x 10^^ /cm^ through 5 x 10^*^ /cm\ As 

20 an impurity element providing p type to a semiconductor, there 
is known an element of 13th group of the periodic table such 
as boron (B) , aluminum (Al) or gallium (Ga) . As a method therefor 
although an ion implantation process or an ion doping process 
( or ion shower doping process ) can be used , the ion doping process 

25 is suitable for processing a large area substrate. According 
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cases, it is necessary to achieve low resistance formation for 
being used as a gate electrode and it is preferable that the 
resistivity of the W film is equal to or smaller than 20 pQcm. 
Although low resistivity formation can be achieved by enlarging 
5 crystal grains of the W film, when there is a large amount of 
an impurity element such as oxygen in the W film, the 
crystallization is hampered and high resistance formation is 
constituted . Therefore , in the case of the sputtering process , 
by forming the W film by using a W target having the purity 

10 of 99.9999 % and sufficiently giving a consideration such that 
an impurity from a gas phase is not mixed in forming the film, 
resistivity of 9 iiQcm through 20 pQcm can be realized. 

Meanwhile, when a Ta film is used as the heat-resistant 
conductive layer 111, the film can be formed similarly by a 

15 puttering process. Ar is used as a puttering gas in forming 
the Ta film. Further, when a pertinent amount of Xe or Kr is 
added to a gas in sputtering, the formed film can be prevented 
from being exfoliated by relaxing internal stress thereof. 
Although resistivity of the Ta film in a phase is about 20 yiQcm, 

20 which can be used for the gate electrode, resistivity of the 
Ta film in p phase is about 180 pQcm, which is not preferable 
for constituting the gate electrode. A conductive nitride is 
provided with a crystalline structure near to a phase and 
accordingly, when a TaN film is formed at the matrix of the 

25 Ta film, the Ta film having the a phase can easily be provided. 
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Further, although not illustrated, it is effective to form a 
silicon film doped with phosphor (P) below the heat-resistant 
conductive layer 111 by a thickness of about 2 nm through 20 
nm. Thereby, promotion of adherence and prevention of 
5 oxidation of a conductive film formed thereabove, are achieved 
and at the same time, an alkaline metal element included in 
the heat-resistant conductive layer 111 by a small amount can 
be prevented from diffusing to the gate insulating film 109a 
having the first shape. In any of the cases, it is preferable 

10 that th(=i beat -resistant conductive layer 111 is provided with 
resistivity in a range of 10 pQcm through 50 pQcm. 

Next, there are formed masks 112 through 117 by a resist 
by using a second photomask (PM2) and using the technology of 
photolithography. Further, a first etching processing is 

15 carried out. According to the embodiment, the first etching 
processing is carried out by using an ICP etching apparatus, 
using CI2 and CF4 as etching gases and forming plasma by inputting 
RF (13.56 MHz) power of 3.2 W/cm^ under pressure of 1 Pa. A 
substrate side (sample stage) is also inputted with RF (13.56 

20 MHz) power of 224 mW/cm^, thereby, substantially negative self 
bias voltage is applied. Under the condition, an etching rate 
of the W film is about 100 nm/min. In the first etching 
processing, based on the etching rate, a time period of Just 
etching the W film is predicted and a time period of increasing 

2."' an etching time period from the above -described time period 



35 



by 20 % Is set to the etching time period. 

By the first etching processing, there are formed 
conductive layers 118 through 123 having a first taper shape. 
An angle of a taper portion is formed to be 15° through 30°. 
5 In order to carry out etching without leaving residue, there 
is carried out overetching for increasing the etching time period 
by a rate of about 10 % through 20 %, A selection ratio of 
the W film to the silicon oxynitride film (gate insulatinq film 
109a having the first shape) is 2 through 4 (representatively 

10 3) and accordingly, by the overetching processing, an exposed 
face of the silicon oxynitride film is etched by about 20 nm 
through 50 nm and there is formed a gate insulating film 109b 
having a second shape formed with a taper shape in the vicinity 
of an end portion ot the conductive layer having the first taper 

15 shape. 

Further, a first doping process is carried out and an 
impuarity element having one conductive type is added to the 
island- like semiconductor layer. In this case, there is 
carried out a step of adding an impurity element providing n 

20 type. While leaving the masks 112 through 117 forming the 
conductive layers having the first shape as they are, there 
is added, by an ion doping process , an impurity element providing 
n-type is added self -ad justingly with the conductive layers 
118 through 123 having the first taper shape as masks. The 

25 first doping process is carried out by setting a dose amount 
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to 1 X 10^^ through 5 x lO^Vcm^ and setting acceleration voltage 
to 80 kV through 160 kV in order to add the Impurity element 
for providing n-type via a taper portion at an end portion of 
the gate electrode and the gate insulating* film to reach the 
5 semiconductor layer disposed therebelow. Although as the 
impurity element for providing n type, there is used an element 
pertaining to 15th group, typically, phosphor (P) or arsenic 
( As ) , in this case , phosphor ( P ) is used . By such an ion doping 
process, first impurity regions 124 through 132 are added with 
10 the impurity element for providing n type in a range of a 
concentration of 1 x 10^° /cm^ through 1 x 10^^ /cm^ and a second 
impurity region (A) formed below the taper portion is added 
with the impurity element for providing n type in a range of 
a concentration of 1 x IQ- /cm^ Lhrough 1 x 10^^ /cm^ although 
15 the concentration is not necessarily uniform in the region. 

In this step , at the second impurity region (A) 129 through 
133, -a change in the concentration of the impurity element for 
providing n type included at portions overlapping the conductive 
layers 118 through 123 having the first shape, is reflected 
20 by a change in the film thickness in the taper portion. That 
is, according to the concentration of phosphor (P) added to 
the second impurity region (A) 129 through 133, at a region 
overlapping the conductive layer having the first shape, the 
concentration is gradually lowered from an end portion of the 
25 conductive layer to an inner side thereof. This is because 
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the concentration of phosphor (P) reaching the semiconductor 
layer is changed by a difference in the film thickness of the 
taper portion. 

Next, a second etching processing is carried out as shown 
5 by Fig. 8B, The etching processing is similarly carried out 
by an ICP etching apparatus , a mixed gas of CF4 and CI2 is used 
as etching gases and etching is carried out by RF power of 3,2 
W/cm^ (13.56 MHz), bias voltage of 45 mW/cm^ (13.56 MHz) and 
pressure of 1.0 Pa. Ther^ are formed conductive layers 140 

10 through 145 having a second shape formed by the condiLion. An 
end portion of each thereof is formed with a taper portion and 
there is constituted a taper shape gradually increasing a 
thickness thereof from the end portion toward an inner side 
thereof. In comparison with the first etching processing, a 

15 rate of isuLropic etching is increased by an amount of reducing 
the bias power applied to the substrate side and angle of the 
taper portion becomes 30*^ through 60°, Further, a surface of 
the gate insulating film 109b having the second shape is etched 
by about 40 nm and a gate insulating film 109c having a third 

20 shape is newly formed. 

Further, an impurity element for providing n type is doped 
under a condition of high acceleration voltage by reducing a 
dose amount more than that in the first doping processing. For 
example, the acceleration voltage is set to 70 kV through 120 

25 kV and the doping is carried out by the dose amount of 1 x lO^'/cm*^ 
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such that an impurity concentration of regions overlapping the 
conductive layers 140 through 145 having the second shape becomes 
1 X 10^^ /cm'' through 1 x 10^® /cm^. In this way, second impurity 
regions (B) 146 through 150 are formed. 

Further, there are formed impurity regions 156 and 157 
having a conductive type reverse to the above-described 
conductive type at the island- like semiconductor layers 104 
and 106 for forming p-channel type TFTs , Also in this case, 
an impurity Glement tor providing p type is ddded with the 
conductive layers 140 ana 142 having the second shape as masks 
and the impurity regions are formed self -adjus tingly . At this 
occasion, the island-like semiconductor layers 105, 107 and 
108 are formed with masks 151 through 153 of resists by using 
a third photomask ( PM3 ) to thereby cover entire faces thereof. 
The impurity regions 156 and 157 formed at this stage , are formed 
by an ion doping process using diborance ( BzHe ) - A concentration 
of the impurity element for proving p type of the impurity regions 
156 and 157 is set to 1 x 10^° /cm^ through 2 x 10^^ /cm\ 

The impurity regions 156 and 157 each can be regarded 
to classify into three regions including the impurity element 
for providing n type. Third impurity regions 156a and 157a 
include the impurity element for providing n type at a 
concentration of 1 x 10^° /cm^ through 1 x 10^^ /cm^ , fourth impurity 
regions (A) 156b and 157b include the impurity element for 
providing n type at a concentration of 1 x 10^^ / cm^ through 



1x10^° /cm^ and fourth impurity regions ( B) 156c and 15 7c include 
the impurity element for providing n type at a concentration 
of 1 X 10^^ /cm^ through 5 x 10^® /cm\ However, by making the 
concentration of the impurity element for providing p type of 
5 the impurity regions 156b , 156c, 157b and 157c equal to or larger 
than 1 X 10"^^ /cm^ and in the third impurity regions 156a and 
157a, by increasing the concentration of the impurity element 
for providing p type by a multiplication factor of 1 . 5 through 
3, the third impurity re.gions function as source reyions ana 
10 drain regions of p-channel type tfTs . Further, a portion uf 
the fourth impurity region (B) 156c or 157c is formed to overlap 
a portion of the conductive layer 140 or 142 having the second 
taper shape . 

Thereafter, as shown by Fig. 9A, a first interlayer 
lo insulating tilm 158 is formed from above the gate electrode 
and the gate insulating film. The first interlayer insulating 
film^may be formed by a silicon oxide film, a silicon oxynitride 
film, a silicon nitride film or a laminated film combined with 
these. In any of the cases, the first interlayer insulating 
20 film 158 is formed by an inorganic insulating material. The 
film thickness of the first interlayer insulating film 158 is 
set to 100 nm through 200 nm. In this case, when the silicon 
oxide film is used, the film can be formed by mixing TEOS and 
in a plasma CVD process, setting reaction pressure to 40 
9ri Pa, setting substrate temperature to 300 'C through 400 ""C and 



40 



discharging by a high frequency (13.56 MHz) power density of 
0.5 W/cm^ through 0.8 W/cm^. Further, when the silicon 
oxynitride film is used, the film may be formed by a silicon 
oxynitride film fabricated by SiH4, N2O, NH3 by a plasma CVD 
5 process or a silicon oxynitride film fabricated from SiH4, N2O. 
Fabrication conditions in this case are set to reaction pressure 
of 20 Pa through 200 Pa and substrate temperature of 300 °C 
through 400 °C and the film can be formed at a high frequency 
( 60 ^4Hz ) power density of 0 . 1 W/cm'^ through 1 . 0 W/ cm^ . Further, 

10 an oxynitrohyrogenated silicon film fabricated from SIH4, N2O, 
H2 may be applicable. Further, the silicon nitride film can 
be fabricated from SiH4 , NH3 similarly by a plasma CVD process. 

Further, there is carried out a step of activating the 
impurity element for providing n type or p type added by 

15 respective cuucentrat ion . The step is carried out by a thermal 
annealing process using a furnace annealing furnace . Otherwise , 
a laser annealing process or a rapid thermal annealing process 
(RTA process) is applicable. The thermal annealing process 
is carried out at 400 through 700 °C, representatively, 500 

20 °C through 600 °C in a nitrogen atmosphere having an oxygen 
concentration equal to or smaller than 1 ppm, preferably, equal 
to or smaller than 0.1 ppm and according to the embodiment, 
there is carried out a heat treatment at 550 °C for 4 hours. 
Further, when a plastic substrate having low heat resistance 

25 temperature in the substrate 101, it Is preferable to apply 
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a laser annealing process . 

Successive to the step of activation, atmospheric gas 
is changed and there is carried out a step of hydrogenat ing 
the island- like semiconductor layer by carrying out a heat 
5 treatment at 300 °C through 450 °C for 1 hour through 12 hours 
in an atmosphere including 3 % through 100 % of hydrogen. The 
step is the step of terminating dangling bonds of 10^^ /cm*^ through 
10^^ /cm^ present in the island- like semiconductor layer by 
thermally excited hydrogen. As other means of hydrogenation , 

10 plasma hy drogenation (using hydrogen excited by plasma) may 
be carried out. In any of the cases, it is preferable to make 
a defect density in the island-like semiconductor layers 104 
through 108 equal to or smaller than 1 x 10^^ / <zm^ and for that 
purpose, hydrogen of about 0.01 % through 0.1 % of a total atom 

15 number included in the island- like semiconductor layers may 
be provided. 

" Thereafter, a second interlayer insulating film 159 
comprising organic resin is formed by a thickness of 1.0 \im 
through 1 . 5 iim , As the organic resin , polyimide , acrylic resin , 
20 polyamide, polyimide amide or BCB ( benzocyclobutene ) can be 
used. In this case, there is used polyimide of a type thermally 
polymerized after being coated on the substrate , which is formed 

by curing at 300 °C . 

By forming the second interlayer insulating film by an 
25 organic insulating material in this way, the surface can be 
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flattened excellently. Further, an organic resin material is 
generally provided with low dielectric constant and therefore , 
parasitic capacitance can be reduced. However, the material 
is provided with hygroscopic property and is not suitable as 
5 a protective film and therefore, as in the embodiment, the 
material may be used to combine with the silicon oxide film, 
the silicon oxynitride film or the silicon nitride film formed 
as the first interlayer insulating film 158. 

Thereafter, there is formed a contact hole which is 

10 respectively formed at the insulating semiconductor layer and 
reaching the impurity region for constituting the source region 
or the drain region by forming a resist mask having a 
predetermined pattern by using a fourth photomask ( PM4 ) . The 
contact hole is formed by a dry etching process. In this case, 

15 the second interlayer insulating film 159 comprising the organic 
resin material is firstly etched by using a mixed gas of CF4, 
O2 and He as etching gases and thereafter, the first interlayer 
insulating film 158 is etched by constituting etching gases 
by CF4 and O2 . Further, by etching the gate insulating film 

20 109c having the third shape by switching the etching gas to 
CHFt in order to increase a selection ratio with the island-like 
semiconductor layer, the contact hole can be formed. 

Further , a conductive metal film is formed by a sputtering 
process or a vacuum deposition process, a resist mask pattern 

25 is formed by a fifth photomask ( PM5 ) and source lines 160 through 
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164 and drain lines 165 through 168 are formed by etching. A 
pixel electrode 169 is formed along with the drain line. A 
pixel electrode 171 represents a pixel electrode belonging to 
a contiguous pixel. Although not illustrated, according to 
5 the embodiment, in forming the wiring, a Ti film is foirmed by 
a thickness of 50 nm through 150 nm, there are formed an impurity 
region for forming a source or a drain region of island-like 
tiemiconductor lay*=*-r and a contact, an aluminum (Al) layer is 
formed by a thickness of 300 nm through 400 nm to overlap Lhe 

10 Ti film (designated by notations 160a through 169a in Fig. 9B) 
and a transparent conductive film is formed thereabove by a 
thickness of 80 nm through 120 nm (designated by notations 160b 
through 169b in Fig. 9B) . As the transparent conductive film, 
an alloy of indium oxide and zinc oxide (In203 - /^nO) or zinc 

15 oxide (ZnO) is a suitable material therefor , further, zinc oxide 
added with gallium (Ga) (ZnO : Ga) can preferably be used for 
promoting transmittance of visible light or conductivity. 

In this way, by five sheets of the photomasks, on the 
same substrate, a substrate having TFT of a drive circuit and 

20 pixel TFT of a pixel portion can be finished. In the drive 
circuit, there are formed a first p-channel type TFT 200, a 
first n-channel type TFT 201, a second p-channel type TFT 202, 
a second n-channel type TFT 203 and at the pixel portion, there 
arc formed pixel TFT 204 and a storage capacitor 205. In this 

25 specification, such a substrate is referred to as active matrix 
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substrate for convenience. 

At the first p-channel type TFT 200 of the drive circuit, 
there is constructed a structure in which the conductive layer 
having the second taper shape is provided with the function 
5 as a gate electrode 220 and in the island-like semiconductor 
layer 104, there are formed a channel forming region 206, a 
third impurity region 207a functioning as a source region or 
a drain region, a fourth impurity region (A) 207b forming an 
LDD region which does not overlap the gate f^lf^ctrode 220 and_ 

iO a fourth impurity region (B) 207c a portion of which forms an 
LDD region overlapping the gate electrode 220. 

At the first n-channel type TFT 201, there is constructed 
a structure in which the conductive layer having the second 
taper shape is provided with a function as a gate electrode 

15 221 and in the island-like semiconductor layer 105, there are 
formed a channel forming region 208, a first impurity region 
209a-f unctioning as a source region or a drain region, a second 
impurity region (A) 209b forming an LDD region which does not 
overlap the gate electrode 221 and a second impurity region 

20 (B) 209c forming an LDD region a portion of which overlaps the 
gate electrode 221. Relative to the channel length of 2 nm 
through 7 |im, a length of a portion of the second impurity region 
(B) 209c overlapping the gate electrode 221 is set to 0 . 1 
through 0.3 pm. The length is controlled by the thickness of 

25 the gate electrode 221 and the angle of the taper portion. By 
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forming such LDD regions in the n-channel type TFT, hot carriers 
can be prevented from generating and TFT can be prevented from 
deteriorating by alleviating a high electric field generated 
at a vicinity of the drain region. 
5 According to the second p-channel type TFT 202 of the 

drive circuit, similarly, there is constructed a structure in 
which the conductive layer having the second taper shape is 
provided with a function as a gate electrode 222 and at the 
island-like semiconductor layer 106, there are provided a 

10 channel forming region 210, a third impurity region 211a 
functioning as a source region or a drain region, a fourth 
impurity region (A) 211b forming an LDD region which does not 
overlap the gate electrode 222 and a fourth impurity region 
(B) 211c a porrion of which form^^^ an LDD region overlapping 

15 the gate electrode 222. 

According to the second n-channel type TFT 203 of the 
drive circuit, there is constructed a structure in which the 
conductive layer having the second taper shape is provided with 
a function as a gate electrode 223 and at the island- like 

20 semiconductive layer 107, there are provided a channel forming 
region 212 , a first impurity region 213a functioning as a source 
region or a drain region, a second impurity region (A) 213b 
forming an LDD region which does not overlap the gate electrode 
223 and a second impurity region (B) 213c forming an LDD region 

25 a portion of which overlaps a gate electrode 223. Similar to 
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the second n-channel type TFT 201, a length of a portion of 
the impurity region (B) 213c overlapping the gate electrode 
223 is set to 0.1 [ua through 0.3 vim. 

The drive circuit is formed by a logic circuit such as 
a shift register or a buffer circuit and a sampling circuit 
formed by an analog switch. Although in Fig. 9B, TFT forming 
thereof is shown by a structure of a single gate having one 
gate electrode between a pair of a source and a drain, there 

may be consrructeu a. mux uxijj-o a<-ii-v- ». ^ 

- _j J -.^^ ^^r^TTiHoH v>*»i-w«ftn a nair of a source and 

OE gate excv.; i.j.<-»_i.oo <j.j.<-. ■ 

a drain. 

According to the pixel TFT 204, there is constructed a 
structure in which the conductive layer having the second taper 
shape is provided with a function as gate electrodes 224 and 
at the island- like semiconductor layer 108, there are provided 
channel forming regions 214a and 214b, first impurity regions 
215a- and 217 each functioning as a source region or a drain 
region, a second impurity region (A) 215b forming an LDD region 
which does not overlap the gate electrode 224 and a second 
impurity region (B) 215c forming an LDD region a portion of 
which overlaps the gate electrode 224. A length of a portion 
of the second impurity region (B) 215c overlapping the gate 
electrode 224 is set to 0.1 tun through 0.3 jim. Further, there 
is formed a storage capacitor by the semiconductor layer extended 
trom the first impurity region 217 and having a second i.mpurity 



region (A) 219b, a second impurity region (B) 219c and a region 
2 18 which is not added with an impurity element for determining 
conductive type, an insulating layer formed at a layer the same 
as the gate insulating film having the third shape and a capacitor 
5 wiring 225 formed by the conductive layer having the second 
taper shape. 

Fig. 15 is a top view showing substantially one pixel 
of the pixel portion. A-A' section shown xn the drawing 
corresponds to the sectional view of the pixel portion shown 

10 in Fig. 9B. According to the pixel TFT 204, the gate electrode 
224 intersects with the island-like semiconductor layer 108 
below a gate insulating film, not illustrated, via the gate 
insulating film and serves as a gate wiring by being extended 
to ride over a plurality ot insulating semiconductor layers . 

15 Although not illustrated, the island-like semiconductor layer 
is formed with the source region, the drain region and the LDD 
region explained in reference to Fig. 98. Further, numeral 
230 designates a contact portion of the source wiring 164 and 
the source region 215a and numeral 231 designates a contact 

20 portion of the pixel electrode 169 and the drain region 217. 
The storage capacitor 205 is formed by a region in which the 
semiconductor layer extended from the drain region 217 of the 
pixel TFT 204 and the capacitor wiring 225 overlap via the gate 
insulating film. According to the constitution, at the 

25 semiconductor layer 218, there is not an impurity element with 
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an object of controlling valence electron. 

The above-described constitution can optimize the 
structure of TFT constituting the respective circuit in 
accordance with the specification requested by the pixel TFT 
and the drive circuit and promote operational function and 
reliability of the semiconductor apparatus. Further, by 
forming the gate electrode by a conductive material having heat 
resistance, activation of the LDD region, the source region 
and the drain region is facilitated. Further, in forming the 
LDD region overlapping the gate electrode via the gate insulating 
film, by forming the LDD region by providing a concentration 
gradient in the impurity element added for the purpose of 
controlling the conductive type, promotion of an effect of 
alleviating the electric field at the vicinity of the drain 
region can particularly be expected. 

In the case of the active matrix type liquid crystal display 
apparatus, the first p-channel type TFT 200 and the first 
n-channel type TFT 201 are used in a shift register circuit, 
a buffer circuit or a level shifter circuit attaching importance 
to high speed operation. In Fig. 9B, these circuits are 
represented as a logic circuit portion. The second impurity 
region ( B ) 2 09c of the first n-channel type TFT 201 is constructed 
by a structure attaching importance to a measure of hot carriers . 
Further, in order to promote withstand voltage and stabilize 
operation , as shown by Fig . 13A , TFTs of the logic circuit portion 



may be formed by a first p-channel type TFT 280 and a first 
n-channel type TFT 281. The TFT is constituted by a double 
gate structure providing two gate electrodes between a pair 
of a source and a drain and the TFT can be similarly fabricated 
5 by using the steps of the embodiment- According to the first 
p-channel type TFT 280, at an island-like semiconductor layer, 
there is constructed a structure having channel forming regions 
236a and 236b, third impurity regions 238a, 239a and 240a 
functioning as source regions or drain regions, fourth impurity 

iO regions (A) 238b, 239b and 240b constituting LDD regions and 
fourth impurity regions (B) 238c, 239g and 240c constituting 
LDD regions portions of which overlap gate electrodes 237. 
According to the first n-channel type TFT281, at an island-like 
semiconductor layer , there are provided channf^l forming regions 

15 241a and 241b, first impurity regions 243a, 244a and 245a 
functioning as source regions or drain regions and second 
impurity regions (A) 243b, 244b and 245b constituting LDD regions 
and second impurity regions (B) 243c, 244c and 245c constituting 
LDD regions portions of which overlap gate electrodes 242 . The 

20 channel length is set to 3 urn through 7 |im and a length in a 
channel length direction of the LDD region overlapping the gate 
electrode is se to 0,1 pim through 0.3 ]im. 

Further, the sampling circuit constituted by the analog 
switch can be applied with a second p-channel type TFT 282 and 

25 a second n-channel type TFT 283. According to the sampling 
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circuit, importance is attached to the measure of hot carriers 
and low off current operation and accordingly, as shown by Fig, 
13B, TFTs of the circuit may be formed by the second p-channel 
type TFT 282 and the second n-channel type TFT 283. The second 
5 p-channel type TFT 282 is constructed by a triple gate structure 
provided with three gate electrodes between a pair of a source 
and a drain and the TFT can be similarly fabricated by using 
the steps of the embodiment. According to the second p-channel 
type TFT 232, at an island-like semiconductor layer, there Is 

10 constructed a titructure having channel forming regions 246a, 
246b and 246c, third impurity regions 249a , 250a, 251a and 252a 
functioning as source regions or drain regions , fourth impurity 
regions (A) 249a, 250b, 251b and 252b constituting LDD regions 
and fourth impurity regions (5) 249c, 25nc, 251c and 252c 

15 constituting LDD regions portions of which overlap gate 
electrodes 247. According to the second n-channel type TFT 
283, -at an island-like semiconductor layer, there are provided 
channel forming regions 253a and 253b, first impurity regions 
245a, 244a and 243a functioning as source regions or drain 

20 regions, second impurity regions (A) 245b, 244b and 243b and 
second impurity regions (B) 245c, 244c and 243c constituting 
LDD regions portions of which overlap gate electrodes 254 . The 
channel length is set to 3 ^un through 7 pm and a length in the 
channel length direction of the LDD region overlapping the gate 

2r> electrode is set to 0.1 \im through 0.3 pm. 
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Whether the constitution of the gate electrode of TFT 
is constructed by a single gate structure or a multiple gate 
structure provided with a plurality of gate electrodes between 
a pair of a source and a drain, may pertinently be selected 
5 by a person executing the embodiment in accordance with a 
characteristic of a circuit. Further, by using the active 
matrix substrate finished in the embodiment, a liquid crystal 
apparatus of a reflection type can be fabricated. 

10 {Embodiment 7) 

In Embodiment 6, there is shown an example of using a 
heat-resistant conductive material such as W or Ta as the 
material of gate electrode . The reason of using such a material 
rA5=;ides in that it is necessary to activate an impurity eleiueiit 

15 added to a semiconductor layer by thermal annealing at 400 °C 
through 700 ''C with an object of controlling a conductive type 
after- forming a gate electrode and it is necessary to provide 
heat resistance to the gate electrode in carrying out the step. 
However, such a heat-resistant conductive material is provided 

20 with area resistance of about 10 Q and is not necessarily suitable 
for a display apparatus having a screen size of 4-inch class 
or higher. When a gate line for connecting the gate electrode 
is formed by the same material , a wiring length above a substrate 
becomes necessarily large and a problem of wiring delay by 

'lb influence of wiring resistance cannot be disregarded. 
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For example, in the case of a pixel density of VGA, there 
are formed 480 of gate wirings and 640 of source wirings and 
in the case of a pixel density of XGA, there are formed 768 
of gate wirings and 1024 of source wirings. According to the 
5 screen size of a display region, in the case of 13 inch class, 
a length of a diagonal line is 340 mm and in the case of 18 
inch class, the length is 460 mm. According to the embodiment, 
an explanation will be given of a method of forming a gate wiring 
by a low resistance conductive material such as Al or copper 

10 (Cu) as means for realizing such a liquid cryaLal display 
apparatus in reference to Figs. lOA, lOB and IOC. 

First, there are carried out steps shown by Fig. 7A through 
Fig. BC similar to Embodiment 6. Further, there is carried 
out a step of activating an impurity element added to the 

15 respective island-like semiconductor layer with an object of 
controlling a conductive type. The step is carried out by 
thermal annealing using a furnace annealing furnace . Otherwise , 
a laser annealing process , or a rapid thermal annealing process 
(RTA process) is applicable. The thermal annealing process 

20 is carried out at 400 °C through 700 °C, representatively, 500 
""C through 600 ""C in a nitrogen atmosphere having an oxygen 
concentration equal to or smaller than 1 ppm, preferably, equal 
to or smaller than 0.1 ppm and according to the embodiment, 
there is carried out a heat treatment at 500 °C for 4 hours. 

2n In the heat treatment, the conductive layers 140 through 
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145 having the second taper shape are formed with conductive 
layers (C) 172a through 172f by a thickness of 5 nm through 
80 nm from surfaces thereof. For example, when the conductive 
layer having the second shape is constituted by W, tungsten 
5 nitride is formed and in the case of Ta, tantalum nitride is 
formed. Further, there is carried out a step of hydrogenat ing 
the island-like semiconductor layer by carrying out heat 
treatment at 300 ""C through 4 50 °C for 1 through 12 hours in 
an atmosphere including 3 % through 100 % of hydroqen. This 
10 step is a step for terminating dangling bonds of the 
semiconductor layer by thermally excited hydrogen. As other 
means of hydrogenation , there may be carried out plasma 
hydrogenation (using hydrogen excited by plasma) (Fig. lOA) . 

"A -C 4- ^ -w- -4- V-» ^ — ir-.-*- -i TT-'-«4- -? -r-»/-r -ssr^r^ ViTr^-t— /-^/^£il-»S»"t-TT^/^ T^-T^Ok/^OOO"! T-»r^<r» a 
rt.J_ i.C?JL U.V^ U ^ V U. I- ^XXV^ t_AJ,X\^ J.J. J J. V-/ *_ ^ J- V- w» * * w» , 

15 gate line is formed by a low resistance conductive material. 
The low resistance conductive material is constituted by Al 
or Cu as a major component thereof and a gate line is formed 
from a low resistant conductive layer formed by such a material . 
For example, there is formed an Al film including 0.1 weight % 

20 through 2 weight % of Ti as a low resistance conductive layer 
over an entire face thereof (not illustrated). The low 
resistance conductive layer is formed by a thickness of 200 
nm through 400 nm (preferably, 250 nm through 350 nm) . Further, 
a predetermined resist pattern is formed which is subjected 

25 to an etching processing to thereby form gate lines 173 and 
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174. At this occasion, there is also formed a capacity line 
175 connected to a storage capacitor provided at the pixel 
portion by the same material. When the low resistance 
conductive layer is a material whose major component is Al , 
5 in the etching processing, the gate line can be formed by wet 
etching by a phosphoric acid species etching solution while 
maintaining selective fabrication performance with the matrix. 
A first interlayer insulating film 176 is formed similar to 
Embodiment 6 (Fig. lOB) . 

10 Thereafter, similar to Embodiment 6, there are formed 

a second interlayer insulating film 159 comprising an organic 
insulating material, source lines 160 through 164, drain lines 
16 5 through 168 , pixel electrodes 16 9 and 171 , thereby, an active 
matrix substrate can be finished. Figs. IIA and IIR show top 

15 views of this state and B-B ' section of Fig . llAandC-C section 
of Fig. IIB correspond to B-B' and C-C of Fig. 9C. Although 
in Figs. llAandllB, a gate insulating film, the first interlayer 
insulating film and the second interlayer insulating film are 
omitted, source and drain regions, not illustrated, of the 

20 island-like semiconductor layers 104, 105 and 108, the source 
lines 160, 161 and 164 and the drain lines 165, 166 and the 
pixel electrodes 169 are connected via contact holes . Further , 
D-D' section of Fig. IIA and E-E' section of Fig. IIB are 
respectively shown in Figs. 12A and 12B. There are formed the 

2r. gate line 173 and the gate line 174 to respectively overlap 
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the gate electrode 220 and the gate electrode 225 on outer sides 
of the island-like semiconductor layers 104 and 108 and the 
gate electrodes and the low resistant conductive layers are 
brought into contact with each other and electrically conducted 
5 to each other without interposing contact holes. By forming 
the gate line by the low resistance conductive material in this 
way, the wiring resistance can sufficiently be reduced. 
Therefore, the embodiment is applicable to a display apparatus 
having a pixel portion (screen size) of 4 inch class or higher. 

10 

(Embodiment 8) 

The active matrix substrate fabricated in Embodiment 6 
is applicable to a reflection type display apparatus as it is. 
Meanwhile , in the case of const itut j ng a t ransmi ssi on type 1 icriil d 

15 crystal display apparatus, pixel electrodes provided at 
respective pixels of a pixel portion may be formed by transparent 
eleotrodes , According to the embodiment, an explanation will 
be given of a method of fabricating an active matrix substrate 
in correspondence with a transmission type liquid crystal 

20 display apparatus in reference to Figs. 14A, 14B, 14C and 14D. 

The active matrix substrate is fabricated similar to 
Embodiment 6. In Fig. 14A, a source wiring and a drain wiring 
are formed by conductive metal films by a sputtering process 
or a vacuum deposition process. Explaining in details a 

25 constitution of a drain line 256 as an example in reference 
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or may be provided to cover source lines and drain lines as 
shown by Figs. 16A and 16B. 

Thereafter, an alignment film 407 is formed. Normally, 
polyimide resin is used for an alignment film of a liquid crystal 

5 display element. After forming the alignment film, a rubbing 
processing is carried out to thereby align liquid crystal 
molecules to be provided with a constant pretilt angle . A region 
which is not rubbed is set to be equal to or smaller than 2 
|im in a rubbing direction from an end portion of the columnar 

0 5^nacer 406 provided at the pixel portion- Further, although 
in the rubbing processing, generation of static electricity 
frequently poses a problem, there can be achieved an effect 
of protecting TFTs against static electricity by the spacers 
405a through 405e formed above TFTs of the drive cirr'uit. 

5 Further, although not explained in the drawing, there may be 
constructed a constitution in which the alignment film 407 is 
f irs4:ly formed and thereafter, the spacers 406 and 405a through 
405e are formed. 

There are formed a light shielding film 402 , a transparent 

0 conductive film 403 and an alignment film 404 at an opposed 
substrate 401 on the opposed side. Further, the active matrix 
substrate formed with the pixel portion and the drive circuit 
and the opposed substrate are pasted together by a seal member 
408 . The seal member 4 08 is mixed with a filler (not illustrated ) , 

o two slieets of the substrates are pasted together with a uniform 
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interval therebetween to the filler and the spacers 406 and 
405a through 405e. Thereafter, a liquid crystal material 409 
is injected between the two substrates . A known liquid crystal 
material may be used for the liquid crystal material. For 
5 example, other than twisted nematic liquid crystal, there can 
be used thresholdless antif erroelectric mixed liquid crystal 
showing an electro-optic response in which the transmittance 
is continuously changed with respect to an electric field. 
There is a thresholdless ant if erroelectric mixed liquid crystal 

iU showing an electro-optic re?;ponse of a V-like type. In this 
way, the active matrix type liquid crystal display apparatus 
shown by Fig. 16B is finished. 

Fig . 1 7 shows a top view of such an active matrix substrate 
and is a top view showing a positional relationship among the 

15 pixel portion and the drive circuit portion, the spacers and 
the seal member. Above the glass substrate 101 described in 
Embodiment 6 , there are provided a scanning signal drive circuit 
605 and an image signal drive circuit 606 at a periphery of 
a pixel portion 604. Further, other than these, there may be 

20 added a signal processing circuit 607 such as CPU or a memory. 
Further, these drive circuits are connected to outside input 
and output terminals 602 by a connection wiring 603. At the 
pixel portion 604, a gate wiring group 608 extended from the 
scanning signal drive circuit 605 and a source wiring group 

25 609 extended from the pixel signal drive circuit 606, are 
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intersected with each other in a matrix to thereby form pixels 
and the respective pixel is provided with the pixel TFT 204 
and the storage capacitor 205. 

Although the columnar spacers 406 provided at the pixel 
portion of Fig. 16 may be provided for all of the pixels, as 
shown by Fig, 17, the spacers may be provided at every several 
pieces or several tens pieces of the pixels arranged in the 
matrix. That is, a rate of a number of the spacers to a total 
number of the pixels constituLing the pixel portion can be mads 

to be zo « rnrougn xuu *. r uj. uucj. , i.**^ ^^^^^^^ ^— 

405e provided at the drive circuit portion may be provided to 
cover an entire face thereof or may be provided in conformity 
with positions of the source and drain wirings at the respective 
TFTs. In Fig. 17, arrangement of the spacers provided at the 
drive circuit portion are designated by numerals 610 through 
612. Further, a seal member 619 shown in Fig. 17 is formed 
on outer sides of the pixel portion 604 and the scanning signal 
drive circuit 605, the image signal drive circuit 606 and other 
signal processing circuit 607 and on an inner side of the outside 
20 input and output terminals 602. 

An explanation will be given of the constitution of the 
active matrix type liquid crystal apparatus in reference to 
a perspective view of Fig. 18. In Fig. 18. the active matrix 
substrate is constituted by the pixel portion 604 , the scanning 
25 signal drive circuit 605. the image signal drive circuit 606 
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and other signal processing circuit 607 which are formed above 
the glass substrate 101. The pixel portion 604 is provided 
with the pixel TFTs 204 and the storage capacitors 205 and the 
drive circuit provided at the periphery of the pixel portion 
5 is constituted with a CMOS circuit as a basis thereof. From 
the scanning signal drive circuit 605 and the image signal drive 
circuit 606, there are respectively extended gate lines 
(corresponding to numeral 224 of Fig. 9B when the gate line 
is formed continuous to the gate electrode) and the source lines 

10 164 to the pixel portion 604 and connected to the pixel TFTs 
204. Further, a flexible printed circuit (FPC) board 613 is 
connected to the external input terminals 602 for inputting 
image signals and the like , The FPC board 6 13 is solidly adhered 
thereto by reinforced resin 614. Fur-ther, the FPC board 613 

15 is connected to the respective drive circuits by the connection 
wiring 603. Further, there are provided a light shielding film 
and a transparent electrode, not illustrated, at the opposed 
substrate 401. 

The liquid crystal display apparatus having such a 

20 constitution can be formed by using the active matrix substrates 
shown in Embodiments 6 through 8. When the active matrix 
substrate shown in Embodiment 6 is used, the reflection type 
liquid crystal display apparatus can be provided and when the 
active matrix substrate shown in Embodiment 8 is used, the 

25 transmission type liquid crystal display apparatus can be 
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provided . 



( Embodiment 10 ) 

Fig. 19 is a view showing an example of a circuit 
5 constitution of the active matrix substrate described in 
Embodiments 6 through 8 and showing a circuit constitution of 
a display apparatus of a direct viewing type . The active matrix 
substrate is provided with the image signal drive circuit 606, 
the scanning signal drive circuits (A) and (B) 605 and the pixel 
10 portion 604. Further, a drive circuit described in the 
specification is a general designation including the image 
signal drive circuit 606 and the scanning signal drive circuit 
605 . 

_ r^^-i^ri^ T-r-ni 1- fiOfi i nrovided with a 

15 shift register circuit 501a, a level shifter circuit 502a, a 
buffer circuit 503a and a sampling circuit 504. Further, the 
scanning signal drive circuit (A) or (B) 605 is provided with 
a shift register circuit 501b, a level shifter circuit 502b 
and a buffer circuit 503b. 
20 .According to the shift register circuits 501a and 501b, 

drive voltage is 5 V through 16 V (representatively, 10 V) and 
TFT of a CMOS circuit forming the circuit is formed by the first 
p-channel type TFT 200 or the first n-channel type TFT 201 of 
Fig. 9B. Or. TFT may be formed by the first p-channel type 
25 TFT 280 or the first n-channel type TFT 281 shown in Fig. 13A. 
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Further, since according to the level shifter circuits 502a 
and 502b or the buffer circuits 503a and 503b, drive voltage 
becomes as high as 14 V through 16 V, it is preferable to construct 
the TFT structure of the multiple gates as shown by Fig. 13A. 
5 When TFT is formed by the multiple gate structure, withstand 
voltage is increased, which is effective in promoting 
reliability of the circuit. 

The sampling circuit 504 is const ituted by an analog swi tch, 
drive voltage is 14 V through 16 V and the circuit is driven 

10 by alternately reverting polarities, it is necessary to reduce 
the off current value and accordingly, it is preferable to form 
the second p-channel type TFT 202 and the second n-channel type 
TFT 203 shown in Fig. 9B. Or, in order to effectively reduce 
the off current value, the sampling circuit 504 may be formed 

15 by the second p-channel type TFT 282 and the second n-channel 
type TFT 283 shown in Fig. 13B. 

Further, the pixel portion is provided with drive voltage 
of 14 V through 16 V, it is requested to reduce the off current 
value more than that of the sampling circuit in view of low 

20 power consumption and the multiple gate structure constitutes 
a basis thereof as in the pixel TFT 204 shown in Fig. 9B. 

Further, the constitution of the embodiment can easily 
be realized by fabricating TFT in accordance with steps shown 
in Embodiments 6 through 8. Although according to the 

25 embodiment, only constitutions of the pixel portion and the 
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drive circuit are shown, in accordance with the steps in 
Embodiments 6 through 8, other than these, a signal processing 
circuit such as a signal dividing circuit, a frequency dividing 
circuit, a D/A converter , a g correction circuit , an operational 
5 amplifier circuit , a memory circuit or an operational processing 
circuit , or a logic circuit can be formed above the same substrate . 
In this way, according to the invention, there can be realized 
a semiconductor apparatus including a pixel portion and a drive 
circuit thereof, for example, a liquid crystal display apparatus 
10 provided with a signal control circuit and a pixel portion on 
the same substrate - 

(Embodiment 11) 

Accuidiiiy Lu the euibuuiiiieu L , an explanation will be given 

15 of an example of fabricating a display panel of a spontaneous 
light emitting type using an electroluminescence (EL) material 
(hereinafter, described as EL display apparatus) by using the 
active matrix substrate shown in the examples of fabricating 
thereof in the above-described embodiments. In the 

20 specification, an EL display apparatus generally refers to a 
display panel enclosed with light emitting elements formed above 
a substrate between the substrate and a cover member and a display 
module mounted with ICs at the display panel. Further, a light 
emitting element is provided with a layer ( light emitting layer) 

25 including an organic compound providing electroluminescence 
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produced by applying an electric field, an anode layer and a 
cathode layer. Further, in electroluminescence in an organic 
compound, there are light emittance (fluorescence) when a 
singlet excited state returns to a ground state and light 
5 emittance (phosphorescence) when a triplet excited state 
returns to the ground state and either or both of the light 
emittance is included. 

Fig. 20A is a top view of an EL display panel according 
to the invention . In Fig , 2 OA, numeral 10 designates a substrate , 
10 numeral 11 designates a pixel portion, numeral 12 designates 
a source side drive circuit and numeral 13 designates a gate 
side drive circuit and the respective drive circuits reach FPC 
17 via wirings 14 through 16 and connected to an outside 
apparatus . 

15 Fig. 20B is a view showing F-F' section of Fig. 20A and 

an opposed plate 80 is provided at least above a pixel portion, 
preferably above a drive circuit and a pixel portion. The 
opposed plate 80 is pasted together with an active matrix 
substrate formed with TFTs and an EL layer by a seal member 

20 19 . The seal member 19 is mixed with a filler ( not illustrated) 
and two sheets of substrates are pasted together with a 
substantially uniform interval therebetween by the filler. 
Further, there is constructed a structure in which an outer 
side of the seal member 19 and an upper face and a periphery 

25 of FPC 17 are hermetically sealed by a seal agent 81. There 
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is used a material of silicone resin, epoxy resin, phenol resin 
or butyl rubber for the seal agent 81. 

When an active matrix substrate 10 and the opposed 
substrate 80 are pasted together by the seal member 19 in this 
5 way, a space is formed therebetween. A filling agent 83 is 
filled in the space. The filling agent 83 is also provided 
with an effect of adhering the opposed plate 80. The filling 
agent 83 can use PVC (polyvinyl chloride) , epoxy resin, silicone 
resin, PVB (polyvinyl butyral) or EVA ( ethylene vinyl acetate) . 

10 Further , the EL layer is weak at humidity starting from moisture 
and is liable to deteriorate and accordingly, when a drying 
agent such as barium oxide is mixed to an inner portion of the 
filling agent 83, the hygroscopic effect can be m.aintained, 
which is preferable. Furthf^r, there is constructed a structure 

13 in which a passivation film 82 formed by a silicon nitride film 
or a silicon oxynitride film is formed on the EL layer to thereby 
prevent corrosion by an alkaline element included in the filling 
agent 83. 

The opposed plate 80 can use an aluminum plate , a stainless 
20 steel plate, an FRP (fiberglass-reinforced plastics), a PVF 
(polyvinyl fluoride) film, a Miler film (commercial name of 
DuPont Co, Ltd. ) , apolyester film, an acrylic film or an acrylic 
plate. Further, the hygroscopic performance can be promoted 
by using a sheet having a structure in which an aluminum foil 
f several tens pm is sandwiched by PVF films or Miler films. 
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In this way, the EL element is brought into a hermetically sealed 
state and is shielded from outside air. 

Further, in Fig. 20B, above the substrate 10 and a matrix 
film 21, there are formed TFT for a drive circuit (incidentally, 
5 here, there is illustrated a CMOS circuit combined with an 
n-channel type TFT and a p-channel type TFT) 22 and TFT 23 for 
a pixel portion (incidentally, here, there is illustrated only 
TFT for controlling current to the EL element). At insides 
of the TFTs , particularly, n - channel type TFT , there is provided 

10 an LDD region having a constitution shown in the embodiment 
in order to prevent a reduction in on current caused by hot 
carrier effect and a deterioration in characteristic by 
threshold voltage shift or bias stress. 

For example, there may be used the p-channel type TFT 

In 200 and 202 ana the n-channel type TFT 201 and 203 shown in 
Fig. 9B for TFT 22 for the drive circuit. Further, there may 
be used the pixel TFT 204 shown in Fig. 9B or a p-channel type 
TFT having a structure similar thereto for TFT 23 for the pixel 
portion . 

20 In order to fabricate the EL display apparatus from the 

active matrix substrate in the state of Fig. 98 or Fig. lOB, 
an interlayer insulating film (flattening film) 26 comprising 
a resin material is formed above a source line and a drain line 
and a pixel electrode 27 comprising a transparent conductive 

25 film electrically connected to the drain of TFT 23 for the pixel 
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portion is formed thereabove. There can be used a compound 
of indium oxide and tin oxide (referred to as TIO) or a compound 
of indium oxide and zinc oxide for the transparent conductive 
film. Further, when the pixel electrode 27 is formed, an 
insulating film 28 is formed and an opening portion is formed 
above the pixel electrode 27. 

Next, an EL layer 29 is formed. The EL layer 29 may be 
constructed by a laminated structure or a single layer structure 
by freely combining known EL material (hole in lection layer, 
hole transportation layer, light emitting layer, electron 
transportation layer or electron injection layer) . Known 
technology may be used for constructing any of the structures . 
Further, there are a low molecular species material and a high 
molecular species ( polymer species ) material for the EL material . 
When a low molecular species material is used, a vapor deposition 
process is used and when a high molecular species material is 
useO, a simple process of a spin coating process, a printing 
process or an ink jet process can be used. 

The EL layer is formed by a vapor deposition process by 
using a shadow mask, an ink jet process or a dispenser process. 
In any of the process, by forming light emitting layers (red 
color light emitting layer, green color light emitting layer 
and blue color light emitting layer) capable of emitting light 
having different wavelength for respective pixel , color display 
is enabled. Otherwise , there are a system combined with a color 



conversion layer (CCM) and a color filter and a system combined 
with a while color light emitting layer and a color filter and 
any of the processes may be used. Naturally, there can be 
constructed an EL display apparatus for single color light 
5 emittance. 

When the EL layer 29 is formed, a cathode 30 is formed 
thereabove . It is preferable to exclude moisture or oxygen 
present at an interface between the cathode 30 and the EL layer 
29 as less as possible. ThereTore, there is needed a d^vtse 

10 such that the EL layer 2 9 and the cathode 30 are formed 
continuously in vacuum or the EL layer 29 is formed in an inert 
atmosphere and the cathode 30 is formed in vacuum without being 
exposed to the atmosphere. According to the embodiment, the 
above -described film formation is enabled by using a film forming 

15 apparatus of a multiple chamber system (cluster tool system) . 

Further, according to the embodiment, there is used a 
lamljiated structure of an LiF (lithium fluoride) film and an 
Al (aluminum) film as the cathode 30. Specifically, there is 
formed an LiF (lithium fluoride) film having a thickness of 

20 1 nm above the EL layer 29 by a vapor deposition process and 
an aluminum film having a thickness of 300 nm is formed thereabove . 
Naturally, there may be used an MgAg electrode which is a known 
cathode material. Further, the cathode 30 is connected to a 
wiring 16 in a region designated by numeral 31. The wiring 

25 16 is a power source supply line for providing predetermined 
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voltage to the cathode 30 and is connected to FPC 17 via an 
anisotropic conductive paste material 32. The resin layer 81 
is further formed above FPC 17 to thereby promote adhering 
strength of the portion. 

In order to electrically connect the cathode 30 and the 
wiring 16 at the region designated by numeral 31 , it is necessary 
to form contact holes in the interlayer insulating film 26 and 
the insulating film 28. The contact holes may be formed in 
etching the interlayer insulating film 26 (forminq a contact 
hole for pixel electrode) and in etching the insulating film 
28 (in forming an opening portion before forming EL layer). 
Further, when the insulating film 28 is etched, also the 
interlayer insulating film 26 may be etched summarizingly . In 
that case, when the interlayer insulating film 26 and thf^ 
insulating film 28 are constituted by the same resin material, 
shapes of the contact holes can be made excellent. 

' Further, the wiring 16 is electrically connected to FPC 
17 by passing through a clearance between the seal member 19 
and the substrate 10 (however, enclosed by the sealing agent 
81) . Further, in this case, although an explanation has been 
given of the wiring 16 , the other wirings 14 and 15 are similarly 
connected electrically to FPC 17 by passing below the seal member 
19 . 

Here, a description will be given of a further detailed 
sectional structure of the pixel portion in reference to Figs. 



21A and 21B, an upper face structure thereof in reference to 
Fig. 22A and a circuit diagram thereof in reference to Fig. 
22B. InFig. 21A, a switching TFT 2402 provided above a substrate 
2401 is formed by a structure the same as that of the pixel 
TFT 204 of Fig. 9B. By constituting the double gate structure, 
there is constructed a structure in which substantially two 
TFTs are aligned in series and there is achieved an advantage 
of capable of reducing the off current value. Further, although 
according to the embodiment, the double gate structure is 
constructed, there may be constructed a triple gate structure 
or a multiple gate structure having a larger number of gates. 

Further , a current controlling TFT 2403 is formed by using 
the n-channel type TFT 201 shown by Fig. 9B. At this occasion, 
a drain line 35 of the switching TFT 2402 is electrically 
connected to a gate electrode 37 of the current controlling 
TFT by a wiring 36. Further, a wiring designated by numeral 
38 is a gate line for electrically connecting gate electrodes 
39a and 39b of the switching TFT 2402. 

In this case, it has very important significance that 
the current controlling TFT 2403 is constituted by the structure 
according to the invention. The current controlling TFT is 
an element for controlling an amount of current flowing in the 
EL element and accordingly, a large amount of current flows 
therein and the current controlling TFT is an element having 
high danger of deterioration by heat or deterioration by hot 



carriers. Therefore, by providing an LDD region a portion of 
which overlaps the gate electrode in the current controlling 
TFT, deterioration of TFT can be prevented and stability of 
operation can be promoted, 
5 Further, although according to the embodiment, the 

current controlling TFT 2403 is constructed by a single gate 
structure as illustrated, there may be constructed a multiple 
gate structure in which a plurality of TFTs are connected in 
series. Further, there may be constructed a structure in which 

10 a plurality of TFTs are connected in series to substantially 
divide a channel forming region into a plurality of divisions 
thereof to thereby irradiate heat at a high efficiency. Such 
a structure is effective as a countermeasure against 
deterioration by heat. 

15 Further, as shown by Fig. 22A, at a region designated 

by numeral 2404, a wiring of the current controlling TFT 2403 
constituting the gate electrode 37 overlaps the drain line 40 
of the current controlling TFT 2403 via an insulating film. 
In this case, at the region shown by numeral 2404, a condenser 

20 is formed- The condenser 2404 functions as a condenser for 
holding voltage applied on the gate of the current controlling 
TFT 2403. Further, the drain line 40 is connected to a current 
supply line (power source line) 2501 and is applied always with 
constant voltage, 

25 A first passivation film 41 is provided above the switching 
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TFT 2402 and the current controlling TFT 2403 and a flattening 
film 42 constituted by a resin insulating film is formed 
thereabove. It is very important to flatten a stepped 
difference caused by TFT by using the flattening film 42. The 
5 EL layer formed at later step is very thin and accordingly, 
there is case of causing a failure in light emittance by presence 
of the stepped difference. Therefore, it is preferable to 
flatten thereof before forming the pixel electrode such that 
thR kT. i riyer can be formed into a face which is as flat as pos s ible . 

10 Further, nnmp^ral 43 designates a pixel electrode (cathode 

of EL element) constituted by a conductive film having high 
reflectance, which is electrically connected to the drain of 
the current controlling TFT 2403. It is preferable to use a 
conductive film having low resistance such as an aluminum alloy 

15 film, a copper alloy film or a silver alloy film or a laminated 
film of these for the pixel electrode 43. Further, there is 
formed a light emitting layer 44 in a groove (corresponding 
to pixel) formed by banks 44a and 44b, which is formed by an 
insulating film (preferably, resin). Further, although only 

20 one pixel is illustrated here, the light emitting layer may 
be fabricated to divide in correspondence with respective colors 
of R (red) , G (green) and B (blue) . As an organic EL material 
for constituting the light emitting layer, there is used a 
.T-con jugated polymer species material. As a representative 

25 polymer species material, there is pointed out 
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injection layer. Known materials can be used for the organic 
EL material or the inorganic material. 

According to the embodiment, there is constructed the 
EL layer having a laminated structure provided with a pore 
injection layer 46 comprising PEDOT ( polyothiophene ) or PAni 
(polyaniline) above a light emitting layer 45. Further, there 
is provided an anode 47 comprising a transparent conductive 
film above the pore injection layer 46. In the case of the 
embodiment- light generated by the light emitting layer 45 is 
irradiated toward the upper face side (toward upper side of 
TFT) and accordingly, the anode must be light -transmitting , 
Although as the transparent conductive layer, there can be used 
a compound of indium oxide and tin oxide or a compound of indium 
oxide and zinc oxide, since the transparent conductive film 
is furmea after forming the light emitting layer and the pore 
injection layer having low heat resistance, the transparent 
conductive film is preferably constituted at temperature as 
low as possible - 

An EL element 2405 is finished at a time point of forming 
the anode 47. Further, the EL element 2405, mentioned here, 
designates a condenser formed by the pixel electrode (cathode) 
43, the light emitting layer 45, the pore injection layer 46 
and the anode 47. As shown by Fig. 22A, the pixel electrode 
43 substantially coincideswith thepixel in area and accordingly , 
a total of the pixel functions as the EL element. Therefore, 
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an efficiency of utilizing light emittance is very high and 
light image display is enabled. 

Incidentally, according to the embodiment, a second 
passivation film 48 is further provided above the anode 47. 
5 The second passivation film 48 is preferably a silicon nitride 
film or a silicon oxynitride film. An object thereof resides 
in shielding the EL element from outside, which is provided 
with both significance of preventing a deterioration of the 
organic EL material by oxidation and a significance of 

10 restraining degassing from the organic EL material. Thereby, 
reliability of the EL display apparatus is promoted. 

As described above, the EL display panel according to 
the invention is provided with the pixel portion comprising 
the pixel havinq the structure as shown by Figs- 22A and 22B 

15 and is provided with the switching TFT having sufficiently low 
off current value and the current controlling TFT which is strong 
at hot carrier injection. Therefore, there is provided the 
EL display panel having high reliability and capable of 
displaying image excellently. 

20 Fig. 2 IB shows an example of inverting the structure of 

the EL layer . A current controlling TFT 2601 is formed by using 
the p-channel type TFT 200 of Fig, 98. A reference may be given 
to Embodiment 7 for a process of fabricating thereof . According 
to the embodiment, there is used a transparent conductive film 

25 as a pixel electrode (anode) 50. Specifically, there is used 
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different from the circuit diagram shown by Fig. 22B. Further, 
in the embodiment, numeral 2701 designates a source wiring of 
a switching TFT 2702, numeral 2703 designates a gate wiring 
of the switching TFT 2702, numeral 2704 designates a current 
5 controlling TFT, numeral 2705 designates a condenser, numerals 
2706 and 2708 designate current supply lines and nvimeral 2707 
designates an EL element . 

Fig. 23A shows an example of a case in which the current 
iauyply line 2706 is made common between rwo pixels. That is, 
10 the example is characterized iu that Lhe two pixels are formed 
to constitute line symmetry centering on the current supply 
line 2076. In this case, since a number of the power supply 
lines can be reduced, the pixel portion can further be made 
finer . 

15 Further, Fig. 23B shows an example in the case in which 

the current supply line 2708 is provided in parallel with the 
gate ^wiring 2703. Further, although according to Fig. 23B, 
there is constructed a structure in which the current supply 
line 2708 and the gate wiring 2703 are provided not to overlap 

20 each other , when the both members are wirings formed at different 
layers, the both members can be provided to overlap via an 
insulating film. In this case, an exclusive area can be shared 
by the power supply line 2708 and the gate line 2703 and 
accordingly, the pixel portion can be made finer. 

1:0 Further, Fig. 23C is characterized in that the current 
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supply line 2708 is provided in parallel with the gate wirings 
2703 similar to the structure of Fig. 23B, further, two pixels 
are formed to constitute line symmetry centering on the current 
supply line 2708. Further, it is also effective to provide 
the current supply line 2708 to overlap either one of the gate 
wirings 2703. In this case, since a number of the power supply 
lines can be reduced the pixel portion can be made finer. 
Although in Fig. 23A and Fig. y'^B, there is constructed a 
structure in which the condf^nser 2404 is provided for maintaining^ 
voltage applied to the gate of the current controlling TFT 2403 , 
the condenser 2404 can also be omitted. 

The n-channel type TFT according to the invention shown 
by Fig. 21A is used as the current controlling TFT 2403 and 
accordingly, there is provided an LDD region provided Lu overlap 
a gate electrode via the gate insulating f ilm . At the overlapped 
region, there is generally formed parasitic capacitance 
referred to as gate capacitance, however, the embodiment is 
characterize in that the parasitic capacitance is positively 
used in place of the condenser 2404. The capacitance of the 
parasitic capacitance is changed by an area of overlapping the 
gate electrode and the LDD region and accordingly, the 
capacitance is determined by a length of the LDD region included 
in the overlapped region. Further, the condenser 2705 can be 
omitted similarly also in the structures of Figs. 23A, 23B and 
23C. 



82 



5 o 



^4= embodiment can be 

Further, the constitution of the em 

.mp.e^entea hv .e.n. freeX, co.h.ne. with the constitutions 

ot Sn.hoai.ents 6 through S. rurther. it is effective 

..e the .isplay panei of the e„ho<ii.ent as .ispiay portions 

, an electronic apparatus accor.in. to K^ho^iment i3 . 



10 



15 V 



(Embodiment 13) ^ >,„ 

^ Dixel portion formed by 

T^^e CMOS circuit and the pixel p 

. i the invention can be used in 

xii.t^---' — T ^„ active 

apparatus (active .atri. type ii^i^ -.s.=. ■ , 

Hi. tvpe BC .ispia.). That is, the present invention can 

t . in ail Of electronic apparatus integrate, with 

be implemented in ail or 

. .noaratus at display portions thereof, 
the electro-optic apparatus a ^ ^ « 

4- o fhere are pointed out a 
, __*-^^r,-i r. app'^ratus. there f 

AS SUCH ej.«->-- ^r-r^nt 

=, T.T-oiector (rear type or front 
Aiaital camera, a proDectoj- 
video camera . a dign:ax 

1- display (goggle type display), a car 
tvoe) a head mount display y ^ ^ 

' ,em a car stereo . a personal computer . a portable 

navigation system, a car telephone or 

• formation terminal (mobile computer, portable telep 
' , the liXe. Examples of these are shown 

electronic booK) and the liXe. 

24B 24C. 24D, 24E and 24F. Figs. 25A. 25B, 
in Figs. 24A. 24B. 

an. ... ":-;i:::::uterinclu.in.a.ainho., 

a .e.hoar. 300. . r.. ^ ,....cn 

Circuits of the image input portion 300. 
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1 nrludinq a main body 3101 , 
Fig. 24B shows a video camera lacludxng 

. ....a, po...o„ . vo.ce .„.u. PO«.o„ 3.03. ope....o. 

.„..c.es 3.0,. a .a«e„ 3.0. a„a an ..a.e .ece.v.n. po...on 

Of the display portion 3102. 

4-^^ -inr-ludinq a mam body 
Fig 24C shows a mobile computer xncludxng 

3202. an image receiving portion 3203. 

-> 1 camera ^^wj- 

, i:Lon app..ca.. a s.na. con„o. C.c... o. ... 

display portion 3205. 

L. ... a .o...a .nc.u..n. a .a.n 

.„.e„..o„ app..ca..e .o a ...na. c»n„oX c.c... 

15 display portion 3302. 

Fig. 24E Shows a player using a record 

^ p.c= record medixim) 

„lth programs (hereinafter, referred to as 

■ hodv 3401. a display portion 3402. a speaKer 
including a main body 3401. .^..mans 

. 3,03 a record medlu. 3404 and an operation switch 3405. 
portion 3403 . a 
.>0 The player uses DVO (digital Versatile 

20 The Pl y ^^^^y game or 

.^^ -ai enjoy music, enjoy movi 
medium and .an y 

internet. The Invention Is applicable 

.l.cult Of the display portion 3402. ^^^^ 

V, o ^ diaital camera incu.^di..g 
'•"ig 24F shows a aigj-<-ai 

^sn? an eye contact portion 3503, 
2,5 3501. a display portion 3502. 
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operation switches 3504 and an image receiving portion (not 
illustrated) . The invention is applicable to a signal control 
circuit of the display portion 3502. 

Fig. 2 5A shows a front type projector including a 
5 projection apparatus 3601 and a screen 3602. The invention 
is applicable to a signal control circuit of a liquid crystal 
display apparatus 3808 constituting a portion of the projection 

apparatus 3601. 

Fiy. 25B shows a rear type projector including a main ^ 
10 body 3701, a projection apparatus 3702. a mirror 3703 and a 
screen 3704. The invention is applicable to a signal control 
circuit of the liquid crystal display apparatus 3808 
constituting a portion of the projection apparatus 3702. 

Further. Fig. 25C is a view showing an exeunple of a 
15 structure of the projection apparatus 3601 and 3702 in Fig. 
25A and Fig. 25B. The projection apparatus 3601 or 3702 is 
constituted by a light source optical system 3801 . mirrors 3802 . 
and 3804 through 3806, a dichroic mirror 3803, a prism 3807. 
a liquid crystal display apparatus 3808. a phase difference 
20 plate 3809 and a projection optical system 3810. The projection 
optical system 3810 is constituted by an optical system including 
a projection lens. Although the embodiment shows an example 
of three plates type . the embodiment is not particularly limited 
thereto but may be of . for example . a single plate type . Further. 
25 person of executing the embodiment may pertinently provide an 
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optical system such as an optical lens, a film having a 
polarization function, a film for adjusting a phase difference 
or an IR film in an optical path shown by arrow marks in Fig. 
25C . 

5 Further, Fig. 25D is a view showing an example of a 

structure of the light source optical system 3801 in Fig. 25C. 
According to the embodiment, the light source optical system 
3801 is constituted by a reflector 3811, a light source 3812, 
lens arrays 3813 and 3814, a polarization conversion element 

10 3815 anda focusing lens 3816 . Further, the light source optical 
system shown in Fig. 25D is only an example and the embodiment 
is not particularly limited thereto. For example, a person 
of executing the embodiment may pertinently provide an optical 
system such as an optical lens, a film having a polarization 

15 fnnction, a film for adjusting a phase difference or an IR film 
in the light source optical system. 

- However, according to the projectors shown in Figs. 25A, 
25B and 25C, there is shown a case of using a transmission type 
electro-optic apparatus and an example of applying a reflection 

20 type electro-optic apparatus is not illustrated. 

Fig. 26A shows a portable telephone including a main body 
3901, a voice output portion 3902, a voice input portion 3903, 
a display portion 3904, an operation switch 3905 and an antenna 
3906. The invention is applicable to signal control circuits 

25 of the voice output portion 3902, the voice input portion 3903 
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and the display portion 3904 . 

Fig. 26B shows a portable book ( electronic book ) including 
a main body 4001 , display portions 4002 and 4003 , a record medium 
4004, an operation switch 4005 and an antenna 4006. The 
5 invention is applicable to signal circuits of the display 
portions 4002 and 4003. 

Fig. 26C shows a display including a main body 4101, a 
support base 4102 and a display portion 4103. The invention 
is applicable to the display portion 4103. The display 
10 according to the invention is advantageous particularly in the 
case of large screen formation and is advantageous in the display 
having a diagonal length of 10 inch or more (particularly, 30 
inch or more ) . 

As has been described, the range of apply lay the invention 
15 is extremely wide and is applicable to electronic apparatus 
of all the fields. Further, the electronic apparatus of the 
embodiment can be realized by using any constitution comprising 
any combinations of embodiments 1 through 8. 

By adopting the constitution of the invention, there can 
20 be provided a basic significance shown below. 

(a) There can be provided a crystalline semiconductor 
film having excellent crystalline performance even when there 
is present a region in an amorphous semiconductor film which 
is irradiated with linear beam while moving the linear beam 
25 over a plurality of times. However, a shape of laser beam at 
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an irradiated face or a vicinity thereof is not limited to be 
linear but may be rectangular. 

(b) In carrying out laser annealing at a large area 
substrate, it is not necessary to extend a length of linear 

5 beam in a longitudinal direction in conformity with the size 
of the large area substrate, which is particularly effective. 

(c) When TFT is fabricated by using the crystalline 
semiconductor film, electric properties of the TFT are excellent 
and there is provided the TFT having characteristics with small 

10 dispcrsioa. 
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